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Price Expectations in the United States: 


1947-75 


By RODNEY L. JACOBS AND ROBERT A. JONES* 


It is common to assume that expectations 
about future inflation influence economic 
behavior. The behavior of an economic sys- 
tem over time is determined in part by the 
manner in which these expectations are 
formed. Theoretical and empirical investiga- 
tions frequently utilize a hypothesis that 
agents forecast future inflation rates pri- 

-marily on the basis of past inflation rates: 
static, adaptive, extrapolative, and regressive 
expectations adjustment schemes are exam- 
ples of such forecasting rules.! But such 
rules generally ignore the fact that individu- 
als observe prices, not inflation rates. A 
change in observed prices can result from 
general price inflation, but it may also result 
from transitory shocks to the price level or 
observation error. Similarly, apparent 
changes in the general inflation rate may be 
purely transitory in nature or may signify 
the beginning of a trend. A model of infla- 
tion expectations should admit the possibil- 
ity of these different sources of price change 
and embody the natural human tendency to 
extrapolate seeming trends. . 

This paper examines the extent to which 
agents’ reported price expectations are con- 
sistent with such “naive” forecasting. A 


*Assistant professors of economics, University of 


California-Los Angeles. We wish to thank John 
Carlson for helpful cormments on an earlier version, 
and Jon Salmon for research assistance. 

‘Alternatively, one might hypothesize that agents 
form their forecasts rationally on the basis of all eco- 
nomic variables known to them and with full knowl- 
edge of the economic process generating inflation. This 
hypothesis has considerable theoretical appeal as a 
means of consistently closing a model with endogenous 
expectations, but has been criticized for ignoring the 
substantial costs to an individual of acquiring and 
processing large quantities of data. Naive forecasting 
rules based only on past observations may be “eco- 
nomically rational” (see Edgar Feige and Douglas 
Pearce) if the value of improved prediction from more 
sophisticated rules is outweighed by the cost of collect- 
ing and processing the additional information. More- 
over, the rational and the seemingly naive forecasting 
rules may be equivalent in some circumstances (see 
Michael Mussa). 
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multilevel adaptive expectations model is 
developed that takes observed prices as the 
information available to agents. On the ba- 
sis of these prices, individuals revise their 
beliefs about not only the price level but 
also the underlying inflation rate and trend 
in the inflation rate. When fitted to the 
Livingston survey data the model appears to 
provide a unified explanation of price ex- 
pectations in the United States from 1947 to 
1975. This is contrasted with earlier investi- 
gations suggesting that expectations forma- 
tion differed significantly in the periods be- 
fore and after 1960. 


I. The Adaptive Learning Model 


This section develops an algorithm by 
which agents might update their expecta- 
tions about the price level, inflation rate, 
and higher order rates of change of prices. 
Consider first the standard adaptive ex- 
pectations learning rule 


(1) Pi, = PE+A(P,— PE) 


where P, is the observed price at time t, P? 
is the forecast of P, made at time t— 1, A, is 
a constant positive adaptation coefficient, 
and Pf, is the forecast of P,,, made after 
observing P,. John Muth demonstrates that 
(1) provides a minimum mean squared error 
forecast, relative to the class of all linear 
constant coefficient functions of past ob- 
servations of P, if P, is generated by the 
stochastic process 


(2) Pr=p,tu, 
Pr=Pt-1 +0, 


where u, and v, are independent random 
processes with means 0 and respective vari- 
ances u and v; p, is interpreted as the true 
underlying price level; u, as a transitory 
shock to prices (or observation error); and 
v, aS a permanent shock to the price level. 
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Persistent trends in the price level are not 
likely to be generated by the process (2). Yet 
upward trends in prices clearly prevail 
during periods of inflation. In the presence 
of trends in P,, the simple adaptive rule (1) 
results in consistent under- or overpredic- 
tion of prices, and would lead a rational 
individual to reject the working hypothesis 
that process (2) generates prices in favor of 
a process in which trends are more likely. 

A more general process, which does admit 
the possibility of trends which change over 
time, is 


(3) P,= pit u, 
PFP tm to 
MET tW, 


where u,, v, and w, are independent white 
noise processes with means 0 and respective 
variances u, v, and w. The variable P, is still 
the observed price and p, the true underly- 
ing price, but 7, is the true underlying infla- 
tion rate with v, being a transitory shock 
and w, a permanent shock to the trend in 
prices.2 With 7) and w both equal to zero, 
process (3) reduces to process (2). With » 
equal to zero, process (3) becomes that used 
by Marc Nerlove and S. Wage to demon- 
strate the optimality of adaptive forecasting. 
With u equal to zero, and I1=P,—P,_, 
defining the observed inflation rate, process 
(3) becomes process (2) with observed infla- 
tion II, replacing observed prices P, and 
with the underlying inflation rate 7, replac- 
ing underlying prices p.. 

A minimum mean squared error forecast 
for P,,;, when process (3) generates prices is 
provided by the two-level adaptive rule? 


(4) P= PEHA (P PE) t+Ih, 
Kem IRAP Pe) 


27, is actually the rate of change in the price level p, 
Only if p, denotes the logarithm of the price level, as it 
will for estimation purposes later in the paper, does =, 
represent the inflation rate in the sense of the com- 
pound growth rate of prices. 

3In our 1977 paper, we derive these equations as the 
asymptotic form of a Bayesian revision rule. 
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The adaptation coefficients are positive con- 
stants whose values depend on the relative 
magnitudes of u, v, and œw. The variable 
I, is the expected underlying inflation 
rate over the period from t to t+ 1. This will 
differ from the expected observed inflation 
rate P?,,—P, over the same period by the 
estimated current transitory shock to prices 
P,-[P£+A,(P,— Pf]. Of course if p=0 
then A,=1, and (4) reduces to the usual 
adaptive rule on observed inflation rate‘ 


(5) tı =U +AU Hy) 


Learning rule (4) solves the problem of 
consistently biased price forecasts in the 
presence of underlying inflation by having 
individuals update a forecast of both the 
price level and its trend. Suppose, for exam- 
ple, that the observed inflation rate jumps 
from 0 to higher constant value v. The indi- 
vidual would initially attribute much of the 
prediction error to transitory shocks in the 
price level and underlying inflation rate. 
This would lead to forecasts P£, which 
turn out consistently below P,,,, and in- 
duce him to revise upward his estimate IT° 
of the trend in prices. In general, IIF over- 
shoots the true trend, either converging to 7 
through a damped oscillation or being criti- 
cally damped to 7.° 

Periods of persistently rising or falling 
inflation rates have also been known to oc- 
cur. How would prediction rule (4) fare in 
such situations? During the periods of per- 
sistent drift in IJ, rule (4) consistently un- 
der- or overpredicts the price level, and 
would lead a rational individual to reject the 
hypothesis that (3) represents the process 
generating prices. A still more general .pro- 
cess, which admits the possibility of a per- 
sistent drift d, in the underlying inflation 


‘The first equation of (4) lagged one period becomes 
PE = P,_, +f, which when substituted into the equa- 
tion for I; gives (5). The first equation of (4) is no 
longer needed for the expectation algorithm. 

`The path of II? depends on the roots of the char- 
acteristic equation p?— p(2—A,—A,)+(1—A,)=0. The 
model is stable if the roots lie within the unit circle. 


VOL. 70 NO. 3 


rate, is 

(6) P.=p, tu, 
PF Piit Tm tO, 
T=, itd tw, 
d=d itz | 


in which u,, p Wẹ and z, are independent 
white noise processes. The minimum mean 
squared error forecast of P,,, for process 
(6) is generated by the three-level adaptive 
- learning rule 


(7) Pry = PPt+A(P,- PE +s 
s =(P, Pf)+ d t+1 
di1 = df +A;(P,— PY) 


If there are no transitory shocks to the price 
level (u=0) then A,=1. The distinction be- 
tween whether prices P, or inflation rates IT, 
are the primary observation then vanishes 
since (7) can be rewritten as 


(8) ct Ik +A (I, =I) + af. t+1 
+i =d; +M, =) 


The three-level adaptive learning model 
(7) is fitted to survey data on expected 
prices in the next section. Some of its prop- 
erties warrant note at this point. The reader 
may verify that the prediction errors a- 
symptotically approach zero if either the 
price level, the inflation rate, or the rate of 
change i in the inflation rate is constant over 
time. Thus there is an implicit tendency in 
the model to eventually extrapolate changes 
in inflation when A,>0. Jacob Frenkel, 
however, suggests that inflation expectations 
might be regressive over short periods of 
time, which he uses to explain the rise in 
real money balances observed in the early 
phase of monetary expansions. Is (7) con- 
sistent with short-run regressivity of infla- 


This assumes that A,,A,,A3 all exceed 0 and have 
values such that the model is stable. 
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tion expectations as well as long-run ex- 
trapolativity? Suppose the inflation rate has 
been zero and that Py, II}, and dy are fully 
adjusted to initial values of Po, 0, and 0, 
respectively. Then a higher price level P, 
(equivalently, positive inflation of II, = 
P,— Po) is observed. The price level ore 
dicted by (7) for the following period is 
P3 = Pot (A, tA, +A3)(P; — Po). The ex- 
pected observed inflation rate (Py—P,) is 
hence (A, tA, +A, — DCP, — Po) or (Ay +A, + 

— 1)II,. Although higher-than-expected 
prices always cause an upward revision in 
the believed underlying inflation rate, ex- 
pectations can be regressive in the sense that 
the expected observed inflation rate initially 
moves in the opposite direction if A, +A,+ 
A,<1. Short-run regressive and long-run ex- 
trapolative forecasting of observed inflation 
are neither mutually exclusive in nor a priori 


implied by (7). They correspond to the testa- 


ble hypotheses, that A, +À, +A,<1 and À> 
0, respectively.” 

Estimation of the multilevel adaptive ex- 
pectations model requires the solving of dif- 
ference equation system (7). Defining the 
column vectors 


pe eo ee 
xX, = Hs and Z= Aa tÀ3 P, 
d° t+] As 


the model can be expressed in matrix form: 
(9) X,=AX,,+2Z, with 


1—A,—A,—A; 1.0 1.0 
aN 0.0 1.0 


"Defining Il,=P,—P,—, as the observed inflation 
rate and If =P M P, as the expected observed 
inflation rate, learning rule (4) (no drift) can be ex- 
pressed as T$, =M? — (1-A ADA- i+ 1- 
ADI,- — If). This is identical to a learning rule 
derived by Mussa as rational if the money supply is 
generated by an extrapolative-regressive process, past 
monetary policy is inferred by individuals, and the 
demand for real money balances is of the form speci- 
fied by Phillip Cagan. Our estimation of system (4) in 
the next section can be regarded as a test of Mussa’s 
specification. 
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For a vector X of initial values of P*°, IT’, 
and d°, the solution of this system is 


t 
(10 X,=AtK+ È 4z, 


Equation (10) provides the model’s predic- 
ted values of the expectation variables at 
every point in time as a function of an 
observed price series and any given set of 
adaptation parameters and initial condi- 
tions. For a given price series, a solution 
which is equivalent, but easier to implement, 
can be obtained by generating X, recursively 
from (9). With given values of A,, À» Àz, and 
Xp One can compute X, from P, using (9). 
With the value of X, so generated and P., 
one then computes X, in the same manner. 
By repeated use of (9) an entire time history 
.of X, can be simulated. It is this predicted 
time history of expectations which we com- 
pare with reported expectations to assess the 
explanatory power of the model. 


II. Data and Empirical Results 


Testing a theory of expectations forma- 
tion is difficult because the variables to be 
predicted are inherently not observable. One 
approach is to embed the expectations equa- 


tions in a model which attempts to explain 


other phenomena. Testing the model then 
involves a joint test, and it is impossible to 
disentangle errors in the expectations equa- 
tions from errors in the remainder of the 
model. The Livingston survey data for the 
United States provide the basis for an 


alternative approach. Every six months 


since 1947 Joseph Livingston conducted a 
survey of economists asking their forecasts 
of a number of key economic variables in- 
cluding the Consumer Price Index (CPI). 
From the individual survey responses, 
Livingston constructed a “consensus” fore- 
cast which was published in late June and 
- December. In a recent paper, John Carlson 
analyzed the original survey responses and 
generated a series for the expected CPI. 
Carlson emphasizes key timing aspects of 
the survey which have largely been ignored 
by other users of the data: namely, the 
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information available at the time of the 
survey and the time horizon for which re- 
spondents were forecasting. Since timing 
considerations are crucial for implementa- 
tion of the model, we need to examine 
Carlson’s findings. 

Consider the forecasts published in June 
of the CPI for the following December and 
June. To meet the publication deadline, 
Livingston would. mail the questionnaire 
in mid-May along with the latest avail- 
able value of the CPJ—usually the April 
value. Respondents would complete the 
questionnaire in late May or early June. - 
Carlson assumes that the latest information 
available to survey participants is the April 
CPI and that they are making eight- and 
fourteen-month predictions of the CPI to be 
reported for the following December and 
June. However, survey participants would 
have observed the behavior of some prices 
in May even though the official CPI had 
not been released. Consequently we assume ` 
that survey participants know May prices 
and make seven- and thirteen-month fore- 
casts for the following December and June. 
For the December survey we assume that 
respondents know November prices and 
make seven- and thirteen-month forecasts 
for the following June and December. These 
timing assumptions are explored further be- 
low. 

Since the survey data are available every 
six months, that is taken as the unit of time 
for equation (7). Our timing assumptions 
imply that P, is the CPJ for either May or 
November. At each point in time there are 
two observations: (P¥*),, the average survey 
response for the expected CPI seven months 
hence in either December or June; and 
(Př) the average survey response for the 
expected CPI thirteen months hence in 
either June or December.’ Carlson also re- 
ports standard deviations (0,), and (0,),, 


8The Livingston survey results and the Carlson ex- 
pected CPI data are defined with respect to four dif- 
ferent base years. All data were converted to a base 
year of 1967. Carlson also presents data for nineteen- 
month forecasts. These data are not available for the 
entire time period and will not be used to estimate the 
model. 
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which indicate the dispersion of individual 
forecasts.” These standard deviations exhibit 
considerable variation over the data inter- 
val. i 

For estimation purposes we need to com- 
pute the theoretical forecasts of the expected 
price level for the next seven and thirteen 
months implied by the adaptive learning 
rule (7). To obtain these forecasts it is neces- 
sary to express the learning rule as a two- 
step procedure. Based on P,, individuals 
first compute their best estimate of the price 
level P?’, inflation rate Ij’, and drift df’ 
- which occurred for the interval t—1 to t. 
The algorithm for this stage of the learning 
rule is 


(11) P= PE +A (P.— Pe) 
I = Tp +A PE) 
d'= dë +M (P, — PE) 


Then individuals forecast for the interval t 
to t+ 1 according to 


(12) pepe Pr FE Fa 
e+e 
+p dY 


It is straightforward to verify that the two- 
step procedure of (11) and (12) is equivalent 
to (7). 

The unit of time in (12) is six months 
= while the estimation procedure requires 
forecasts on a monthly basis. It can be 
shown that the best estimate of the current 
monthly inflation rate is’? (IE + 5df'/ 
12)/6 while the monthly drift in the current 


*Since the model is estimated in logarithmic form, 
the standard deviations reported by Carlson were di- 
vided by the price level to obtain an approximate 
standard deviation for the logarithm of the expected 
price. 

107, denotes the change in underlying prices over the 
most recent six months and d, its change from the 
preceding six-month period. Let 8 denote the change in 
the price level over the most recent month, or current 
monthly inflation rate. Assuming that the monthly in- 
flation rate drifted the same amount in each of the past 
six months, the monthly change in the six-month infla- 
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monthly inflation is d/’/36. As a result, the 
theoretical forecast of the expected price 
level r months in the future is AJ by 


(13) (P6) =P; +2(U tod ) 


a(rt+1) ay’ 
2 36 


According to (13), the seven- and thirteen- 
month price forecasts implied by the adap- 
tive learning rule are (PF) = Pf’ + 7II;’/6+ 
91d4°°/72 and (Pf), = Py’ + 13I /6 + 
247d?’ /72, respectively. 

For a given time history of the CPI, the 
model solution of (10) and the theoretical 
price forecast of (13) depend only on the 
initial conditions P$, II, and dj and on the 
adaptation coefficients A,, A,, and A,. The 
ability of the model to reproduce the survey 
price forecasts is indicated by the weighted 
residuals As,, =[(Pf), —(Pf)1]/w,, and 
As,, =[(P? his ~ (Ps) / Wi2 where the 
weights w, ı and w, are computed from the 
standard deviations of the price forecasts."! 





tion rate was d,/6 and the monthly change in the 


monthly inflation rate was d,/36. Thus if the most 
recent monthly inflation rate was 8, then the previous 
month’s was 8—d,/36, the next previous B—2d,/36, 
and so on. The sum of the preceding six months’ price 
changes is 68 — 5d,/12 and must equal v, Solving for B 
yields B=(7,+5d,/12)/6. Substituting the current 
estimates IIy’ and df’ for m, and d, respectively, gives 
the claimed result. 

"The standard deviations of the expected price data 
reported by Carlson exhibit considerable variation over 
the data interval. This creates a potential problem of 
heteroscedasticity because the poorer quality observa- 
tions may have larger residuals and dominate the 
estimation process, If this were the only source of error, 
the weights could simply be set equal to the standard 
deviations of the observations. However, if other errors 
exist, the weights should be a function of the standard 
deviations of both sources of error. To allow for other 
errors we have used the following simple weighting 
scheme. We first compute the average standard devia- 
tions (0%), and (o°); and then compute the normal- 
ized standard deviations (o*);=(0,)7/(o7), and (af )i3 
=(¢,),;3/(0°),3. Finally, the weights are computed as 
wW,,;=1l-ata(of), and w,,=1—a+ elof) where a 
is a constant between zero and one. If a=1 the weights 
equal the standard deviations (normalized to give an 
average weight of unity) while if a=0 all observations 
receive unit weight. The final value of œ will be selected 
to give the minimum weighted residual variance. 
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Estimate P§ TT d§ Ay Az Àz p DW. SSR F-Test 
1947-75° 
No Constraints . 4.154 -0.014 —0.0005 1.236 0.063 0.002 0462 1.956 0.0043 - 
1947-75 l 
A3 = d =0.0 4.161 — 0.023 - 1.225 0.096 - 0.519 2.001 0.0044 1.267 
1974-75 : 
A, = 1.0 - —0.023 — 0.0004 — 0.099 0.001 0.540 1.936 0.0056 16.477 
1947-61 
No Constraints 4.152 —0.010 0.0004 1.355 0.012 0.0004 0.509 1.755 0.0030 
1961-75 1.294 
No Constraints 4.500 0.005 0.0001 1.095 0.095 0.0003 0.367 2.068 0.0009 
April/October Prices 

- 8- and 14-month forecast 4.141 -0.006 -—0.0006 1.187 0.040 0.003 0.589 1.827 0.0049 15.070 
June /December Prices 
6- and 12-month forecast 4.154 —0.017 -—0.0006 1.108 0.067 0.002 0.243 2.125 0.0058 37.647 
April/October Prices 
6- and 12-month forecast 4.145 —0.012 —0.0009 1.174 0.069 0.004 0.648 1.816 0.0050 17.581 
May /November Prices 
6- and 12-month forecast 4.153 -0.015 -—0.0008 1.237 0.074 0.003 0.455 1.959 0.0043 ~0 


"The first five rows assume seven- and thirteen-month forecasts updated on May /November prices. 


The estimation entails finding those values 
of the adaptation parameters and initial 
conditions which minimize the sum of 
squared transformed residuals (SSR) 


T 2 
SSR= $ $ (As, ;-pAs_1,;)° 


t=] j=l 


where p is the first-order serial correlation 
coefficient.” Since the parameter estimates 
are non-linear in the initial conditions, 
adaptation coefficients and p, the minimiza- 
tion of SSR requires an iterative procedure. 
We use the technique of Donald Marquardt 
based on interpolation between the Taylor 
series and gradient methods.” 

The first row of Table 1 presents estima- 
` tion results for the unrestricted model.'* The 


-HF the actual error term has first-order serial corre- 

lation then the estimation procedure is equivalent to 
obtaining maximum likelihood estimates. The only dif- 
ference is the term /og(1 — p°) in the likelihood function 
which would have a negligible impact on our estimates. 

The model was iterated to convergence starting 
with widely different initial parameter estimates to in- 
sure that we had obtained a global maximum. 

4The model was estimated using values of a in the 
weighting scheme which. varied from 0 to I in incre- 
ments of 0.25. The value a=0.75 gave the minimum 
SSR and is used in all the estimates discussed below. 
This value of a implies that the weights were primarily 


initial conditions correspond to negative ex- 
pected inflation rate with negative expected 
drift. Individuals expected prices to fall in 
the immediate postwar period. The negative 
expected inflation rates did not materialize 
and II{ and df turned positive as individuals 
adapted to the actual price behavior. The 
second row of Table 1 tests whether the 
time varying drift was important in explain- 
ing the survey data. The F-test cannot reject 
the hypothesis of zero drift at the 95 percent 
level of significance. 

_ Was the provision for beliefs in purely. 
transitory shocks to the price level im- 
portant? The third row of Table | provides 
estimates of the model specified by (8). 
That specification requires that À; equals 


a function of the observation standard deviations. The 


estimation results are not overly sensitive to the weight- 
ing scheme employed. For example, reducing a to 0.25 
so that the weights are nearly unity only increases SSR 
from 0.0043 to 0.0046. The parameters obtained in this 
case are A, = 1.341, A,=0.102, and A,=0.0005. 

15We assume that the test statistic V=(T— K/q)X 
(SSR + — SSR/ SSR), where SSR* is the constrained 
SSR, T is the number observations, K is the number of 
fitting parameters, and q is the number of constraints, 
is distributed F(q, 7— K). The R? is computed in the 
usual fashion as 1 — SSR/ SST in which SST is defined 
as the minimum sum of squared weighted residuals 
possible for a constant model prediction. 
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FIGURE 1. EXPECTED UNDERLYING INFLATION, 
EXPECTED OBSERVED INFLATION AND MODEL 
RESIDUALS FOR THIRTEEN-MONTH FORECASTS 


unity—individuals form their expectations 
on the basis of observed inflation rates. The 
F-test rejects this hypothesis at the 99 per- 
cent level of significance against the alterna- 
tive that A, exceeds unity. Moreover, the 
fact that à, +à, +A, significantly exceeds 
unity appears to rule out the short-run re- 
gressivity of expected observed inflation 
conjectured by Frenkel and Mussa. Many 
users of Livingston’s survey data transform 
the price level forecasts into expected infla- 
tion rates by subtracting .the current price 
level and converting to a growth rate. This 
transformation is suspect because it ignores 
the potentially substantial difference be- 
tween P, and P?’ when A, differs from 
unity. Subtracting P, as opposed to P/’ 
yields the expected observed inflation rate 
as opposed to the expected underlying in- 
flation rate. Figure 1 depicts these two 
series for the thirteen-month forecasts. Also 
shown in Figure 1 is the residual’ between 
the expected underlying inflation rate im- 
plied by the data and that generated by the 
adaptive algorithm.!® 


6The annualized expected underlying inflation, de- 
noted as P*— Př’ in Figure 1, is computed as [/n(P*),, 
— In(P?)]- 1200/13 while the expected observed infla- 
tion rate, denoted as P¥—P,, is [In(P?),,—In(P,)]- 
1200/13. There were no values of R? listed in Table | 
because the large changes in P, over the dataset make 
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Stephen Turnovsky, in a previous analysis 
of the Livingston data, concluded that 
the process of expectations formation was 
fundamentally different between the period 
after 1960 and the earlier period. The fourth 
and fifth rows of Table 1 contain separate 
estimates of the model for the 1947-61 and 
1961-75 subperiods, respectively. At first 
glance the estimation results appear to sup- 
port Turnovsky. Quite different values of A, 
and À, are obtained for the two data inter- 
vals (in both cases the drift has a negligible 
impact on SSR). However, these parameters 
have large standard errors for the shorter 
samples and the F-test indicates that the 
parameters do not differ significantly at the 
95 percent level between the two periods. 
We find no compelling evidence of a change 
in the process of expectations formation. 

The remaining model estimates presented 
in Table 1 examine timing questions raised 
by Carlson. The sixth and seventh rows 
consider the information available to survey 
participants. Row six embodies Carlson’s 
assumption of eight- and fourteen-month 
forecasts based on April and October prices, 
while row seven assumes six- and twelve- 
month forecasts based on June and Decem- 
ber prices. Both hypotheses lead to a signifi- 
cant increase in SSR over that obtained in 
the first row. The F-tests reyect both timing 
hypotheses at the 99 percent level of signifi- 
cance in favor of seven- and thirteen-month 
forecasts based on May and November 
prices.” 

The final estimates address the question 
of forecast horizon. In a separate analysis of 
the Livingston data, Paul Wachtel assumed 
that individuals knew April and October 
prices but were making forecasts of the 
price level only six and twelve months into 
the future rather than the eight and fourteen 
months assumed by Carlson. As Carlson 


it a very optimistic indicator of the ability of the model 


to reproduce the expectations data (the value of R? for 
the first row estimate is 0.99998). The model residuals 
compared to the expected inflation rate in Figure 1 is a 
tougher test of the goodness of fit. An R* computed on 
this basis has a value of 0.89. l 

This conclusion is conditioned, of course, on the 
validity of the expectations adjustment specification. 
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notes, survey responses consistently under- 
predict the subsequently realized CPI. For 
example, the eight-month forecast underpre- 
dicts the ultimately realized CPI for fifty of 
the fifty-eight observations. If the forecast 
horizon is shortened to six months then only 
thirty-six of the forecasts underpredict the 
subsequently realized CPI. The eighth row 
of Table 1 presents model estimates under 
Wachtel’s timing assumptions. There is an 
insignificant increase in SSR compared to 
the estimates in' the sixth row based on 
Carlson’s timing assumptions. However, the 
adaptation coefficients A, and A, are signifi- 
cantly larger. Since the shorter forecast hor- 
izon eliminates the consistent prediction 
errors, larger values of A, and A, are neces- 
sary to generate the required variations in 
Ili and df. The F-test indicates that this 
timing hypothesis is also rejected in favor of 
the first row. 

The last row of Table 1 considers six- and 
twelve-month forecasts based on May and 
November prices. In terms of goodness of 
fit, this timing hypothesis is indistinguish- 
able from seven- and thirteen-month fore- 
casts based on the same prices. The shorter 
forecasting horizon in this instance reduces 
the size of the consistent prediction errors 
inherent in the data. Larger estimated val- 
ues of A, and A, are obtained as a result. 


I. Conclusion 


The multilevel adaptive scheme replicates 
the expectations adjustment process closely. 
Simulation of the model explains 0.89 of the 
variation in expected underlying inflation 
rates implied by the survey data for thir- 
teen-month forecasts, with two-thirds of the 
residuals lying under 0.5 percent per year. 
This “goodness of fit” 1s all the more 
surprising since the only input is past ob- 
served prices; no data on previous reported 
expectations, which might have served as 
proxies for omitted variables, is used. 

Within the context of the model, the pro- 
vision for expectations about trends in infla- 
tion rates added little explanatory power. 
But the provision for distinguishing transi- 
tory from permanent shifts in the price level, 
or observed from underlying prices, proved 
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important. The adaptation coefficients dis- 
played remarkable stability over long peri- 
ods of quite different inflation experience. 

A test of the type conducted in this paper 
cannot resolve the issue of whether or not 
inflation expectations are generated ration- 
ally on the basis of information other than 
observed prices. What it does indicate is 
that reported expectations behave to a large 
extent as if formulated on the basis of past 
prices alone, and that an individual using a 
naive algorithm could have generated much 
the same expectations at very little cost. 
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Multinational Firms and the Theory of 
International Trade and Investment 


By RAVEENDRA N. BATRA AND RAMA RAMACHANDRAN* 


Despite increased importance of the mul- 
tinational corporation in the arena of eco- 
nomic activity and political influence, trade 
theorists have either ignored it or expressed 
unguarded skepticism at the ability of the 
conventional trade models to successfully 
capture and analyze the features of this new 
phenomenon.’ The purpose of this paper is 
twofold: first, by building upon the contri- 
bution by Richard Caves, we will show that 
the traditional trade models can be adapted 
in a way that preserves most, if not all, of 
‘the attributes introduced by international 
firms.” Second, we will conduct a compara- 
tive statics analysis to explore the implica- 
tions of tariffs and taxes for resource alloca- 
tion and international capital movements. 
Our results here confirm what has already 
been well established in myriad empirical 
studies, that maturation of the international 
firm has vastly increased economic interde- 
pendence among trading countries, and that 
few nations can eschew the ripples caused 
by economic policies of other nations.° 


J. Assumptions and the Model 


The conventional general equilibrium 
models of international trade and invest- 
ment, expounded in detail by Murray Kemp 
and Ronald Jones (1967), rely heavily on 
the properties of the Heckscher-Ohlin 


*Professor and assistant professor, respectively, 
Southern Methodist University. We are indebted to 
George Borts and an anonymous referee for many 
helpful comments. 

‘See for instance Thomas Horst, and Robert Bald- 
win and J. David Richardson, p. 264, for expressions of 
similar opinion. 

2Actually Caves investigated the implications of the 
emergence of the international firms in terms of both 
partial and general equilibrium models. Our analysis 
builds further upon his general equilibrium system. 

See Richard Barnett and Ronald Muller for an 
eloquent presentation of this view. 
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model. This model is ill-equipped to tackle 
the specificity of some factors and technol- 
ogy which we consider to be one of the 
main characteristics of international invest- 
ments by multinational firms. Almost in- 
variably the multinational firm possesses 
oligopolistic control over some patents and. 
specific technology which enables it to out- 
compete local firms in foreign countries. 
The return to such investments includes not 
only an adequate return on its capital but 
also on its inventions, managerial know- 
how, superior marketing techniques, etc., 
which it has already developed. While it 
might have incurred considerable expenses 
in developing this know-how, the opportun- 
ity cost of transmitting such inventions 
abroad is practically zero, and whatever 
royalties and fees that are thus received are 
pure profits. 

In this paper we intend to capture these 
features of the multinational firm by analyz- 
ing international investment using the 


‘specific factor model of international trade 


which was popular before 1944 when the 
contribution by Wolfgang Stolper and Paul 
Samuelson appeared, and which was re- 
cently resurrected by Batra and Francisco 
Casas, among others. We present below a 
two-sector model where the multinational 
capital is specific to one sector while the 
other sector consists of national and local 
firms with production activities confined to 
one nation. The multinational capital, while 
specific to one sector within each nation, is 
nevertheless mobile between the same sec- 
tors in different nations.* 


4See Caves, p. 17. The argument of our paper is 
based on an assumption that (i) the multinational and 
local sectors are distinctly defined, and (ii) the multina- 
tional sector is a significant part of economic activity in 
the host country. Regarding (i) there is no problem: 
Jean Servan-Schreiber points out that in all Europe, the 
U.S.-based firms by the late 1960’s produced 80 per- 
cent of computers, 95 percent of integrated circuits, 50 
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The ownership of patents, the availability 
of special managerial know-how, and the 
marketing skills are represented by a third 
factor S in the production function of the 
multinational firm. Some properties of the 
specific factor S are noteworthy. Following 
Harry Johnson, we shall assume that § is 
measured not in terms of a physical unit but 
in terms of some intangible abstract unit 
whose transference by international firms 
into the host country does not diminish its 
use in the source country.’ It is assumed 
that S is a “state variable” whose value at 
,any instant of time depends on the past 
efforts at developing the specific skills 
possessed by the multinational firm. It may 
be interpreted as an index of Harvey 
Leibenstein’s X-efficiency factor; Leiben- 
stein (1966, p. 412) mentions the nonmarket- 


percent of semiconductors, and so on. The U.S. direct 
foreign investment is thus concentrated mostly in 
advanced technology, capital-intensive industries. As 
regards (i), the multinational firms perhaps account for 
less than 10 percent of economic activity in all Europe. 
The important point, however, is that their assets are 
growing at phenomenal rates; Barnett and Muller, p. 
26, report that by some estimates the direct foreign 
investment is likely to reach $4 trillion by 1985, or 
about 54—80 percent of all production assets of the 
noncommunist countries. Thus, the productive activity 
of the multinational firms is expected to become a 
colossus in many host countries; therefore the implica- 
tions of a distinctive multinational sector is worth ex- 
ploring. We are also ignoring the phenomena of cross 
hauling of international investment wherein firms in 
each country invest and control production facilities in 
the other country. Despite some recent inroads made 
by non-American multinational firms, the U.S.-based 
global corporations were by 1969 the biggest suppliers 
of direct foreign investment. Also a significant portion 
of direct foreign investment in the United States is in 
the form of export subsidiary, one that facilitates im- 
porting goods, while U.S.-based firms set up produc- 
tion facilities abroad. See Sidney Rolfe for further 
details. 

5S may be measured in terms of man-hours spent in 
the conduct of research or in terms of financial capital 
used in the discovery of patents and so on. Johnson 
emphasized the point that the know-how and mana- 
gerial skills have the nature of public goods which have 
high fixed costs but low marginal costs. C. F. Pratten 
observes: “From my discussion with officials of com- 
panies it.was clear that management of national opera- 
tions of most companies have access to some knowl- 
edge of production and marketing techniques, and they 
can obtain advice from other companies in the same 


group” (pp. 50-51). 
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ability of certain inputs as a factor responsi- 
ble for differing X-efficiency of firms, which 
is exactly our assumption regarding the role 
of S. As argued by Leibenstein (1966, 1978) 
and T. Y. Shen, X-efficiency leads to disper- 
sion in the level of productivity of firms at 
any instant of time. We shall, therefore, 
assume that 0<S<S, where S is the satura- 
tion level at which the marginal product of 
S is zero. One particular. merit of this ap- 
proach is that the return to the intangible 
factor S is a pure surplus and captures, in 
our model, any excess profit earned by mul- 
tinational firms. In this way, one could in- 
corporate all the features of a world 
dominated by global firms (excess profits, 
industry-specific capital and technology, 
etc.) in a general equilibrium model and still 
retain the assumptions of perfect competi- 
tion that considerably simplifies exposition 
and, in most cases, is the only way in which 
a general equilibrium analysis can be 
carried out.® 

The model developed below will then be 
based on the following assumptions: 


ASSUMPTION 1: There are two coun- 
tries, a source country (the home of the multi- 
national firm) and a host country (which is 
foreign to the global firm); and two sectors, 
one wherein the multinational firms compete 
with each other and the other consisting of 
goods produced by the local firms. 


ASSUMPTION 2: Labor is the only non- 
specific factor and capital is specific to both 
sectors; the production function of the multi- 
national firms also contains another specific 
factor that represents patents, technical and 
managerial know-how, etc. 


ASSUMPTION 3: All other assumptions 
of the Heckscher-Ohlin model are retained. 
Thus perfect competition, linearly homoge- 
neous and concave production functions, full 
employment, and inelastic factor supplies are 
also assumed. 


éit seems to us that in order to investigate what the 
emergence of multinational firms means to thé world 
economy, the general equilibrium analysis—-as far as it 
goes—is more appropriate than the partial analysis. 
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ASSUMPTION 4: Both the countries are 
small and take as given the relative prices 
that are determined in the rest of the world.’ 


Let X and Y, respectively, be the sectors 
in which the multinational and the local 
firms produce their products in the source 
country. The two aggregate production 
functions are 


(1) X=X(L,,K,,S) X*=X*(LS, K*,S*) 


(2) Y=Y(L,K) Y*= ¥*(L},K) 


where L stands for labor, K for capital, S 
for a specific factor, and the star denotes the 
variables in the host country. The produc- 
tion functions, which are assumed to be 
linearly homogeneous and concave, satisfy 
. the following properties: In X 


(3a) X;>0, X;<0, X,>0 
(j,k= K,L,S;j#k) 
X, Xer- Xg >0 
and in Y 
(3b) Y, >0, Y;<0, Yx,>0 (J=L,K) 
Yy Yr Yh =0 


where X, is the marginal product of the jth 
factor, X ‘yj is the change in the marginal 
product of the jth factor with respect to its 
own input (ie., OX, /dL,=X,,), and Xj, is 
the change in the marginal product of the 
jth factor with respect to the Ath input (j+ 
k);. similar properties characterize the func- 
tion Y(-). | 

With regard to capital, we assume that K, 
and K, are also specific to each sector; labor 
‘is a nonspecific factor and is mobile be- 
tween two sectors, so that only one wage 
rate prevails within each country. 

The firm wants to maximize global profits 
after taxes. Generally both the source 


This assumption is reminiscent of Jacob Viner’s 
well-known customs union model where two or three 
small countries trade with each other at given terms of 
trade that are determined in the rest of the world. 
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country and the host. country levy corporate 
income tax. We shall assume, in accordance 
with current U.S. tax practice, that the 
source country gives limited tax credit for 
the tax payed in the host country; the maxi- 
mum tax credit that the corporation can 
earn is estimated by applying the source- 
country tax rate to the income earned in the 
host country. Further assume that the goods 
produced by the multinationals in the host 
country are importable goods there and that 
the host country levies a tariff on its im- 
ports. Hence p*=p(1+7*) where r* 20 is 
the host country’s tariff rate on its import of . 
good X. 

The relative price of X in terms of -Y, p is 
given by the world market. The firm takes 
the wage (w) and the rental (r) rate in both 
countries as given. Also let F be the ex- 
penses incurred by the firm for research and 
managerial development necessary to main- 
tain its global leadership. The global profits 
may be computed as follows: 

Tax base in host country = B* 


= (p*X*— w* LX) 
Tax base in source country = B 
=(pX—wL, +p*X*— w* L*— F) 
Tax credit? in source country = C 


=(p*X*—w* Liye 


Global profit after taxes? is given by 
(4) Il=B(i—2t)— B*t*+C—r*K* —rK, 
=(pX—wL,— F)(1-1?) 


+ (p*X*— w* L*)(1— t*) —rK, —r* K* 


8Ratra and Josef Hadar point out that if s* <z, then 
t* does not influence the decision of the muitinational 
firm, as C now equals (p*X* — w* L*)t* = B*r*. 

*Actually, following Horst, we should also include 
the intrafirm exports (or imports), i.e., the exports (or 
imports) from the parent firm to the subsidiary, in the 
global profit equation. However, such trade is implicit 
in our definition. For example, suppose M is the quan- 
tity exported by the multinational firms to their sub- 
sidiaries in the host country and D, is the quantity 
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The marginal (first-order) conditions for 
profit maximization by the multinational 
firm require that 


(5) PXL= Wy 
pP*XL= w 
(6) pX,1—-t)=r, 


p*XE(1—t*) = ry 


Similarly, profit maximization by local firms 
_ leads to 


(7) Y,=w, and Yf=w* 
(8) Yy=nr, and Yg=r} 


_ Mobility of labor in each country ensures 
that the wage rate is the same in both sec- 
tors, so that 
(9) w=w.=w, and wt=wr=we 

The rental of capital need not be the same 
within each country because of limited 
mobility and industry specificity, but capital 
stock owned by the international firms is 


demanded of X, then M= D} —X*=X-— D, In view 
of this, global profits (ignoring taxes) become 


Il=(pD, +pM—w,L,~1,K,) 


+(p*D3—p*M~w3Lt—rtKt)— F 


which is similar to Horst’s definition. Since we have 


assumed that the production function is linear homoge- 
neous, it is possible to define implicitly (from the 
product exhaustion rule) the marginal product of the 
intangible factor, X, and X$, 


X=X,L,+XK.+X58 


X*= X8L*4+X2K?+X,S* 


Substituting equations (5)—(8) into (4) would then show _ 


that 


W=p(1—s)XgS+p*(1—1*)X8S*-(1- ÒF 


The second term represents the addition to pure sur- ` 


plus of the multinational firm from eee its exper- 
tise for production abroad. 
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mobile from one country to the other, and 
this mobility generates an equality between 
r, and r*. Hence 


(10) aT 


From equations (5)-(10) we can obtain 
the factor-market equilibrium conditions 
which determine the allocation of labor be- 
tween the two sectors in each country and 
of the multinational capital between the two 
countries. From (5), (7), and (9) we have 


a 1) pxX,(L, K,., S) ia Y, (L, K,) 
(12) p*Xi(LE,KE,S*)= YŁ(LÝ,K*) 


These equations determine the allocation of 
labor between the two sectors in each 
country. 

From (6) and (10), 


(13) p(l T Xgl Lo Ko S) 
= p*(1—£*)X#(L*, K*, S*) 


This equation determines the allocation of 
the multinational capital between the source 
and the host country. 

From full employment of labor in each 
country, 


(14) L+L=L 
(15) L* + L*= L* 


and from the constraint imposed by the 
stock of capital owned by the multinational 
firms, 


(16)  ~K,A+AK® = K, 


where L, L*, and K, are constant. Similarly, 
since all factors are in inelastic supply, K, 
and K¥ are also constant. 

Thus we are able to incorporate the basic 
attributes of multinational firms in a general 
equilibrium analysis and use it below to 
undertake comparative static analysis of the 
impact of changes in taxes and tariffs. Re- 
source allocation within each country and 
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P*X +t Yt, | P*XiK 0. JL* = 0 

18 —~PXix PX p+ YıL d a a 0 
8) Pa- Kt |=] ( paxpars 
p*(1—1*)Xřk SS) =pl- t)Xp || Lx —pX di 
+p(l—D) Xxx PA gat 


the process of capital movements between 
the two: countries can be determined with 
the help of six equations given by (11)-(16), 
containing six variables (L,, L, Lt, L*, Ko 
and K*) and eleven parameters (S, S*, Kp. 
Ky, L, L*, K,, p, t, t*, and 7*). 

From our assumption that: the multina- 
tional firms operate in small countries and 
sell their goods in those countries as well as 
the rest of the world, the international terms 
of trade (p) can be treated as constant. And 
with a given r*, p* is also constant. At the 
present state of the literature dealing with 
the implications of the multinational. firms, 
this seems to be an appropriate assumption, 
although a complete analysis should also 
examine the case where the terms of trade 
are variable. | 


ll. Taxes on International Investment 


- The model can be used to analyze the 
effects of a change in the corporate income 
tax. Substituting for ee from (14) to 
(16) into (11), (12), and (13), we get!® | 


OD p*X#(L8,K4,S*)= Y#(L*— L$, KY) 


pX,(L,,K,—- Kt,S) = ¥,(L~L,,K,) 
p*(1— t*) XR (LE, KE, S*) 
=p(1—1)X,({L,,.K,— Kz,S) 


With these substitutions, our model is 
considerably simplified. The system of equa- 
tions (17) contains three equations and three 
unknowns, L*, K*, and. L.. Differentiating 
- these totally we obtain equation (18) shown 
above, or 


(18 


[A][B]=[C] 


1}¢ 7*=0, then p=p*. 


where [A],[B],[C] are the three matrices of 
(18). The determinant of (18) is given by 


(19) D=- G t+ YPI- t) 
1 
x (H.+ = Xex Yes] 
+(pX1,+ Y,,)p**(1 n. 
* 1. * * 


for H*. In view of our assumptions about 


. the production function, D is positive. 


Let us begin our analysis of the income 
tax on the multinational investment by ex- 
amining the response of the variables in the . 
host country to a change in the tax rate in 
that country: With dt=0, the solution. of 
(18) yields | ) 








dL* 
(20) at {P OXEX EL (PX + ¥,1)} 
aL* 
pee a 
O dK 
(21) dt* zi { p*XE(p* Xf, + Y?,) 
ic. | dK, 
(PXL +t Yr) } + D=- a 


Clearly dL*/dt*<0 and dK*/dt* <0, and 
we obtain an eminently plausible result that 
the international investment tax leads to a 
decline in the employment of the multina- 
tional capital in the host country. Since dK, 
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=0, this obviously implies that capital 
moves back to the source country. As the 
host country imposes:a tax, investment there 
becomes less attractive because the marginal 
product of capital net of the tax declines; 
capital movement back to the source 
country occurs until the net marginal prod- 
uct of capital in the host country rises’ to 
that of capital employed in the source 
country. 

With capital so moving, the marginal 
product of labor declines in X* (because 
Xx > 9), so that labor moves towards the 
goods produced by local firms in the host 
country. That is why dL* /dt* <0 and hence 

dLy /dt* = —dL*/dt*>0. It also follows 
that the output of Y* rises and that of X* 
declines. . 

What happens to factor rewards in the 
host country? Since w*= Yr(L¥, ky), and 
| KY i is constant at any moment of time, 


dw* aL* 
ee = an Ge <0 
so that the real wage rate declines.'! The 
reason is that as the marginal product of 
labor declines in goods produced by the 
multinationals, demand for labor in X* de- 
clines, creating excess supply of labor in the 
entire economy, and this: forces the real 
wage to go down to clear the labor market. | 
This result gains further comprehension 


from Figure 1 where the real wage rate. 


expressed in terms of Y* is measured along 
the vertical axis and labor along the hor- 
izontal axis: BC is the negatively sloped 
demand curve for labor in X* and AD is the 
aggregate demand curve for labor, where 
AD is obtained by a horizontal addition of 
the demand for labor in Y* to that demand 
in X* at any w*. For. simplicity these curves 
are drawn to be linear. The inelastic supply 
curve of labor is given by RL*, the 
equilibrium wage by w*, labor employed in 
X* by OG, and that employed in Y* by GR. 
This is how the initial situation is depicted. 
Now suppose a tax on the multinational 


1IThe same result can be obtained by differentiating 


w= X#(L*, Kt, S*) 
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FIGURE 1 


. investment is imposed by the host country 


and K* declines; this causes a downward 
shift of the labor demand curve in X* to 
B’C’ and of the aggregate labor demand 


‘curve to A’D’ such that the distance MQ 


equals the distance HS. The equilibrium 
wage rate declines to w,*, the employment of 
labor in X* declines to OG’ and that in Y* 
rises to G’R. A similar diagram can be used 
to depict the flight of the multinational 
capital from the host country. 

What about the return to capital? We 
know that the equilibrium r*¥=r,=p(1— 





t)X (L,,K,,5). Therefore, 
Q2) 

a = p(l—-)X nae os +p(1—-1)Xxx 
From (18), 

dL, i 

TE & — p*pXEX <(p*X, + Yf,)+ D >0 


Substitute this relation and (21) into (22) to 


_ obtain 


dr, 
-T £ = pp*XE(p* X$, + Yt.) 


Hence the rental on the multinational 
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capital declines in both countries. The rent- 
als on the local capua respond differently. 
For 





dr* aLy 

Y yk D 
dt* AL lt oo 
dr, aL, 


Whereas a Yeu ye <0 


Intuitively, the decline of employment in 
the multinational firm in the host country 
leads to a movement of labor to the local 
sector; this increases’ the rent of, capital in 
that sector as capital is not free to move 
between sectors. The fall in demand for 
labor also leads to a fall in wages. An 
opposite effect occurs in the source country. 
The transfer of capital to the source country 
by the multinational firm leads to an in- 
crease in the wage rate and a decline in the 
rent of local capital in that country. 

Consider now the effects of a change in 
the tax rate on the total profits earned by 
the multinational firm. Differentiating (4), it 
can be easily shown that 








(23) = = (p*X* —w*L*) 
: (+) 
dw ar WW" og a, 
sa Ga NL, oe (1 t T. at*® K, at* 
(+) (-) (=) 


The sign of each of the four terms is 
shown in parentheses below. The first term 
is the negative of the total income earned by 
multinationals in the host country. The sec- 
ond and third terms refer to change in wage 
payments in the two, assuming that employ- 
ment is held constant; the two terms have 
opposite signs. The last term refers to the 
change in rent earned by the capital of the 
multinational firm. It is very likely that the 
first term determines the sign of the expres- 
sion as the other expressions partially cancel 
<‘ each other; hence an increase in taxes is 
likely to reduce global profits. If we com- 
pute the change in total income (profits plus 
rent on its capital) earned by multinationals 


dil -= dr, 
ae ta 
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then it is all the more negative. Thus, the . 
opposition of the multinationals to corpo- 
rate income taxes is not surprising. 

Let us now consider how the tax affects 
the national income (/*) of the host 
country: 


(24) 
* = p*X* + Y*—(1—1*)(p*X* — w*L*) 
=p*X*+ Y*—(1—1*){ p*XEK? 
+ (p*X* — p* XLS — p*XEKz)} 
where (1 — ¢*)(p*X* — w*L*) is the income 
which the multinationals repatriate to the 


source country. Differentiating (24) and 
using (6), we get 














(25) di* _ 
, as p*x P*XELE —p*XEKY 
| (+) 
dK} ar* 
* pk V* wn KEX 
ERRAR dt* x dt* 
(=), (-) 
= 
+(1—12*) p*(Xt,Lt+Xt,Ke) 4 a 
(-) 
? 
+P*(XigKt + XLD) © a 
(2) 


Given equation (3),!°(X},L* + X#,K*) 
and (XfxKi+XixLt) are negative. The 
signs of the other expressions are noted be- 
low them in equation (25). t* ‘p*(dK* /dt*) is 
the only negative term in the equation. If ¢* 
is small, or if initially the host country has 
no tax so that 1*=0, then the whole expres- 
sion is unambiguously positive, showing 
that an introduction of the corporate in- 
come tax by the host country raises its net 
national income. The increase in national 
income is partly due to an increase in tax 


From Eulers equation, L? X*+ KIX + S*X}= 


: X*, Differentiating partially with respect to L*, we get 


XL? +X}, KS = — S*X$§,, which is negative as X$, 
> 0 (see the assumption in equation (3)). 


VOL. 70 NO. 3 


collection and partly due to reduction in 
repatriation of profits by the multinational 
firm. The reduced repatriation also occurs 
from a decline in the rent of the multina- 
tional firm’s capital. Of course, the positive 


income-augmenting effect of the tax on | 


multinational investment should not be 
overdone. A large enough increase in the tax 
rate can drive the entire multinational 
capital out of the country, and the least 
amount of loss in real income would then be 
the tax revenue that would have been 
earned by a small tax. This suggests that 
- there may exist an optimal ¢* which is given 
by dI* /dt* =Q. ; 

So far we have discussed the implications 
of the host country’s tax. If, however, the 
tax was imposed by the source country, the 
results concerning resource allocation would 
be reversed; so would the results concerning 
the real wage rate and the real rental earned 
by local firms in two countries. However, 
the rental earned by the multinationals will 
still decline. 

What is the impact of the corporate in- 
come tax in either country on the source 
country’s national income which is defined 
as 


(26) I=pX+ Y¥+(1—t*)(p*x*— w*L*) 


Expanding and substituting as in equa- 
tion (24) and differentiating, we obtain 


(27) dl ot K, ar 


x 





dt 1—1* d = 
(+) (~) 
~(pex*— pextLs -pt XRK: 


(+) 





dL* 
s(a") p(x} Lr + XEK") TF 


a (-) 





dt* 


dk* 
+p (XRK +XteLt) 
Fe) 


If initially there is no corporate income 
taxation in the source country so that r=0, 
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then dI/dt* is unambiguously negative. Dif- 
ferentiating (26) with respect to f, 


dI t dK, ayy WW 
(28) dt  \l-t*~* dt (1—- @)L, dt 
(=) (+) 


showing that the national income of the 
source country declines unambiguously. 

The results derived in this section em- 
phatically point out the strong degree of 
economic interdependence that the emer- 
gence of multinational firms has brought 
into existence. In traditional Heckscher- 
Ohlin trade models, a tax on the interna- 
tional investment in a small-country world 
simply lowers the earnings on such invest- 
ments while leaving almost everything else 
unscathed. For example, there is no change 
in the distribution of income within each 
country because such distribution is related 
only to relative product prices which are 
constant for small countries. With regard to 
resource allocation, the outcome is of per- 
functory interest for at least that country 
where complete specialization is as- 
sumed—not by choice but by consid- 
erations of logical consistency or de- 
terminacy.’? Our analysis, however, shows 
that the international investment tax policy 
of one country is bound to affect resource 
allocation and income distribution in both 
countries even in a small-country world. 

A word may be said about the perennial 
trade union clamor in the United States for 
granting lower tax credits on overseas prof- 
its of the multinational firms. The workers 
in either country benefit from an increase in 
the corporate tax in the other country which 
will drive the multinational capital away 
and so increase the real wage rate in the 
country which did not increase the tax. 
Although laborers in one country do not 


13This problem arises in the Heckscher-Ohlin model, 
because factor rewards are related to the commodity 
price ratio, provided there is incomplete specialization. 
Factor supplies come into play only when there is 
complete specialization. For further details on this 
point, see Jones (1967). This problem, however, disap- 
pears in the specific factor model, because there the 
number of factors exceed the number of goods. See 
Batra and Casas, for instance. 
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have the political clout to demand an in- 
crease in the tax rate in another country, a 
reduction in the tax credit given by the 
source country would be equivalent to an 
increase in the host country’s taxes (as far 
as multinationals are concerned), thereby 
benefiting the workers in the source 
country. The hostility of U.S. trade unions 
to the favorable tax treatment received by 
multinationals becomes intelligible in the 
light of our model. 

Finally, our analysis suggests that taxes 
on investment by the multinational firms 
can be used as a means of granting protec- 
tion to import-competing industries. Thus to 
the traditional list of devices of pro- 
tectionism, such as tariffs, production sub- 
sidies and quotas, our analysis adds another 
tool, namely the international investment 
tax, that enables a country to encourage 
production of import-competing industries, 
provided, of course, that such industries are 
operated by the local firms. 


HI. Income Taxes on Local Firms 


The implications of income taxes on the 
local firms are in sharp contrast to those 
of international investment taxes analyzed 
above: There are none. Such taxes simply 
lower the net rate of return earned by the 
local firms without causing any change in 


outputs or factor rewards. Since capital is — 


specific to industries operated by the local 
corporations, it cannot move elsewhere in 
response to any taxes; similarly labor em- 
ployed in local industries does not move to 
other industries. All that happens is that the 
local, firms are poOrer in proportion to the 
tax. 


IV. Implications of Tariffs 


As with international investment taxes, 
the effects of tariffs turn out to be substan- 
tially different from what is known from 
conventional wisdom. Here again the inter- 
dependent nature of the world economies 


Thus the effects of taxation on multinational and 
local firms are dramatically different. This asymmetry 
is not present in the Heckscher-Ohlin model. 


JUNE 1980 


comes to light. Suppose that goods pro- 
duced by the multinationals in the host 
country are importable goods there and that 
the host country introduces a tariff on its 
imports, so that p*=p(1++7*) where +* is 
the tariff rate. Differentiating equilibrium 
condition (17) with respect to the tariff rate, 
we get 


(29) [4][3]=[¢] 
where [A] and [B] are the matrices in (18’) 
and 

Xf dr* 


(30) [ G] = — 0 
Xýdr* 


From (29) we get (assuming for convenience 
that t= 7* =0), 


dL* ef 2 
(31) Pe {xX} [ PH, + PX gx Vy 
+ p*XEx(PX11+ ¥11) | 
— XE Xie(PX1,+ ¥z1)]}+D 
adK* 





(32) dr* = {(p* Xt, + Y?,) 
x (PXL + Y1) XZ- pX? XĖ 
x (PXL +t Y,1)} +D 


aL, * Y* * * 
dr* g {(p Xir + Y} )PXLKXŁ 





(33) 
— pp*XEX Xi} + D 


Here dL*/dr* >0, dK*/dr*>0 and 
adL,./dr* <0. In other words, the host 
country’s tariff induces capital to move 
there, employment of labor rises in X* and 
so does its output. In the source country the 
opposite happens: Capital moves away and 
employment of labor in X declines and so 
does its output. At the same time Y* de- 
clines and Y rises, where Y is the importable 
good sector in the source country. Thus, we 
reach an unusual conclusion: The tariff by 
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one country protects the import-competing in- 
dustries in both countries. This also implies 


that. tariffs by one country are much more | 


restrictive of international trade than has been 
noted before. These results make an interest- 
ing comparison with those available from 
the conventional models of international in- 
vestment where the tariff by a small country 
protects its own industry while leaving out- 
put levels unchanged in the other. 

Let us now proceed to the implications of 
the tariff for real factor rewards. With w* = 
Y? 


dw* dL* 
dr* = — Yf, = dr * >0 
dw dL, 


are ~~ urg SO 


The wage rate rises in the host country and 


declines in the source country. Similarly, | 


from r,=pX, and K, + KS=K,, 


dr, dL dK, 
Gee P| Mae Gee tA Ge 


_ply, dy Æ 
GO OE 


Thus, a priori nothing can be said about the 
response of the rental on capital owned by 
the multinational firms. As regards the re- 
turn earned local industries, since 7, = Yx 


and r*= Yk, we get 
dr dL 
y 
d Ye i ou 
ary, dL% 


An intuitive explanation of these results is 
that a multinational firm shifts capital to the 
host country when the latter imposes a 
tariff. This leads to a shift of workers from 
Y* to X*. The withdrawal of labor from 
local industries in the host country leads to 
an increase in the capital-labor ratio and a 
fall in the rent of capital in that sector. As 
for the multinational firm, employment of 
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capital and labor both increases in the host 
country and decreases in the source country. 
Because of the parallel movement of the two 
factors, the change in its rental is inde- 
terminate. 

In short, the implications of tariffs for 
income distribution in our model are com- 
pletely different from the standard Heck- 
scher-Ohlin model. There the distribution 
of income is determined by the Stolper- 
Samuelson theorem which lays emphasis on 
the factor-intensity differential in two in-. 
dustries within a country; and the tariff by 
one country, of course, makes no difference 
to factor rewards in the other country even 
when international investment is present. 


V. Tariffs on Goods Produced by Local Firms 


If the host country imports Y* and im- 
poses a tariff, then all the results derived 


above are reversed. This result contrasts 


with the similar case, examined in Section 
III, of the imposition of a tax imposed on 
the income earned by local firms. There, it 
may be recalled, the tax simply succeeded in 
collecting revenue . from the local firms 
without affecting other economic variables. 
In order to explore the consequences of 
the host country’s tariff on Y*, simply re- 
place the first equation of system (17) by 


p*xXt=(1+ 7) YZ 


with += 7*=Q, and then differentiate totally. 

It is interesting to note that protection 
granted to local firms will drive the multina- 
tional capital out, and although 7* will rise, 
the real wage rate will decline in the host 
country. Thus, labor unions’ proclivity for 
protection may turn out to be self-defeating 
if it is granted to goods produced by local 


` firms. 


VI. Implications of Terms of Trade 


Suppose there is an exogenous change in 
the terms of trade. The implications of this 


‘change in the conventional model are quite 


simple: The output of the relatively more 
expensive good rises, and so does the real 
reward of its intensive factor, whereas the 
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real reward of its unintensive factor de- 
clines; and all this would occur in both 
countries. In addition, the effects of tariffs 
on resource allocation and income distribu- 
tion are identical to those of changes in 
relative product prices. 

In our model incorporating the phenome- 
non of the multinational corporation, the 
results turn out to be dramatically different. 
Let us assume, without loss of generality, 
that t= 1*=7*=0 so that p=p*. Differenti- 
ating the system (17) totally with respect to 
p, we obtain 


dL* E 
dp 7 





(34) {Xi | P*H, + PX LX Kx 


+ pXkx(PXp1+ Yi) |— PX Xr X%,} + D 





| uae 
(35) “dp ={ PX Xrki( PXL + Yf) 
— PXEX (PX 11+ ¥,1)}+D 
dL, 2pr* 2y * 
(36) F (X| PHS + PX A cx 
+ Yi (PXBx t+ PX xx) —PXEX cxXixl} + D 


All three equations are indeterminate in 
sign. Therefore, the effects of a change in 


the terms of trade on resource allocation,. 


capital movements, and hence outputs in 
the two countries cannot be determined a 
priori. Similarly the response of factor re- 
wards is also indeterminate. 

Reasons for this ambiguity le in the 
equation that determines the -allocation of 
the multinational capital between the two 
countries. Looking at this equation in sys- 
tem (17), it may be observed that relative 
prices do not enter into this equation, 
although they do in the equations concern- 
ing labor allocation. The movement of 
capital from one country to the other is then 
determined by how in each country the 
price-induced change in labor allocation 
affects the marginal product of capital em- 
ployed in the goods produced by the multi- 
national firms. Suppose, for the moment, 
that L, and L* both rise in response to the 
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rise in the marginal value product of labor 
in X and X* generated by the rise in p.. With 
Xx, and Xx, positive, the marginal product 
of capital rises in both X and X*, and it is 
not clear which country exercises the greater 
pull for the multinational capital. 

Indeed if the factors affecting dK* cancel 
out, so that dK*¥=0, then dL, and dL* be- 
come determinate. Because then from (35) 


X; Xxęı(pXž + Yi,) 
PX; + Y, )= MM 
( LL LL) Xr pE 
and using this we obtain 


dL* 5 
dp = X}(p H,+pXxxY7,) 





AA 
+ = | PH* +pXžkYřı]} +D 
XKL 


Thus dL*/dp and similarly dL, /dp are seen 
to be positive. If the multinational capital 
does not move in response to the change in 
the terms of trade, L, and L* go up and so 
do X and X*; Y and Y* on the contrary 
decline and we obtain the expected results 
regarding the price output response. 

The same restriction applies if we are 
interested in obtaining a clear-cut response- 
of factor rewards to the change in p. If 


` dL*/dp and dL,./ dp are both positive, then 


the wage rate rises in both countries, be- 
cause dw*/dp= — Y*,(dL*/dp) and dw/dp 
=—Y,,(dL,/dp) are both positive. Simi- 
larly r, rises but z, and r*ř decline, because 


dr, y.4X dL, 
dp K KL dp 
dr, dL 
Y x 
dp . KL dp 
a yy GLE 
dp KL dp 


All these results confirm what has been 
stated before, that the implications of tariffs 
on the one hand and those of the terms of 
trade on the other are dramatically different 
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` from each other, This is a novelty that flows 
from our model that incorporates some fea- 
tures of the multinational industries. 


VII. Conclusions 


In this paper we have developed a general 
equilibrium model that incorporates many 
features of an international economy where 
the multinational firms have generated eco- 
nomic conditions which deserve a careful 
analysis. The framework developed here ex- 
plains many observed phenomena that the 
- conventional models of international trade 
and investment are not equipped to tackle. 
The model stresses the extreme degree of 
economic interdependence that the institu- 
tion of multinational enterprise has ushered. 
All our results corroborate this central 
theme: that international economic policies 
pursued by one nation make waves in other 
- nations even in a small-country world where 
relative prices are determined in world 
markets, with each nation taking the terms 
of trade as constant. Some of our results 
confirming this view are summarized below. 

1. An income tax (or profit tax) on the 
multinational firms by any country drives 
their capital out and lowers their rate of 
return on capital stock and possibly on their 
specific factors, such as technology, mana- 
gerial know-how, marketing techniques, etc.; 
the real wage rate declines in the tax- 
imposing country but rises in the other 
country. The international investment tax 
(or subsidy) can also be used for granting 
protection to import-competing industries 
—a policy device that requires no interven- 
tion in the goods market. 

2. The profits tax on the local firms has 

no effect on other variables in any country; 
it merely lowers the rate of return on capital 
earned by the taxed sector. 

3. One country’s tariff stimulates the 
output of import-competing industries of 
not only that country but also of the other 
country. The real wage rate rises if the tariff 
is imposed on goods produced by the multi- 


national firms but declines if the local firms ` 


are the beneficiaries of protection. The 
opposite occurs in the other country. 
4. The implications of an exogenous 
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change in relative prices are different from a 
similar change effected by the tariff. This is 
an unusual feature of our model and is not 
present in other conventional models of in- 
ternational trade. 
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The Terms of Trade and Equilibrium Growth 
in the World Economy 


By RONALD FINDLAY* 


The extensive discussions that have been 
going on in connection with proposals for a 
New International Economic Order have 
focused attention on the nature of the eco- 
nomic relations between the advanced and 
less developed regions of the world econ- 
omy, or the “North” and “South” as it has 
become customary to refer to them. Ever 
since the work of Raul Prebisch and Hans 
Singer almost three decades ago the move- 
ment of the terms of trade between these 
regions has been regarded as a key index of 
the distribution of the benefits from the 
international division of labor and the de- 
velopment prospects of the South. Although 
an extensive and controversial literature has 
developed around these issues, there has 
been a significant lack of rigorous formal 
analysis to provide a framework within 
which the diverse arguments and pieces of 
empirical evidence can be sorted out and 
assessed. . 

The objective of this paper is -tọ present a 
highly stylized dynamic model in which the 
terms of trade emerge as the mechanism 
linking the growth rates of output in the 
North and South. The analysis attempts to 
forge a synthesis of three famous papers, 
using the neoclassical growth model of 
Robert Solow for the North, the “labor 
surplus” or “dual economy” model of W. 
Arthur Lewis for the South, and the Harry 
Johnson (Part 2) treatment of the terms of 
trade to serve as the link between them. 


I 


Imagine a world economy consisting of 
two regions, the North and the South. The 
North produces a single composite com- 
modity, manufactures, which can be used 
for either consumption or investment. The 
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technology for manufactures is represented 
by a neoclassical production function with 
constant returns to scale and with capital 
and labor as the inputs. Capital consists of a 
stock of manufactures. The size of the labor 
force 1s given at any instant and grows over 
time at a constant rate. There is also labor- 
augmenting technological progress at a fixed 
rate assumed to be going on. Under these 
assumptions, as is well known, the produc- 
tion function can be expressed in terms of 
capital and “effective” labor, which grows 
over time at a fixed rate equal to the sum of 
the rate of natural increase and the rate of 
technological progress. A constant fraction 
of output is saved and invested. Markets are 
perfectly competitive and are cleared in- 
stantaneously so that there is always full 
employment of labor and full utilization of 
capacity. 

These assumptions, of course, correspond 
exactly to the Solow neoclassical growth 
model. The only change is that the portion 
of output in the North which is not saved is 
spent either on manufactures or on another 
homogeneous commodity, representing pri- 
mary products, with the proportions de- 
pending upon the relative price of the two 
goods. Income elasticities of demand for 
both goods arė unity. 

Primary products constitute the sole out- 
put of the South. There is again a neoclassi- 
cal production function with capital and 
labor as the inputs governing the output of 
primary products. Capital consists of a stock 
of manufactures, just as in the North. Labor 
is in perfectly elastic supply from a “hinter- 
land,” which is otherwise outside the model, 
at a fixed real wage in terms of primary 
products. There is perfect competition so 
labor is hired up to the point at which its 
marginal productivity is equal to the fixed 
real wage. Total employment at any instant 
will depend upon the quantity of capital 
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available. The capital-labor ratio is uniquely 
determined by the fixed real wage and in 
turn determines the marginal product of 
capital and hence the amount of profit per 
unit of labor. The rate of profit, however, 
cannot be determined unless the relative 
price of manufactures and primary products 
is known, since capital consists of a stock of 
manufactures and profits of a flow of 
primary products. 

It is assumed that a constant fraction of 
profits are saved and all wages are con- 
sumed. Consumption expenditure, whether 
out of wages or profits, is spent on manufac- 
tures and primary products with the propor- 
tions depending upon relative prices. In- 
come elasticities of demand for both goods 
are unity. Investment demand is thus purely 
for manufactures while consumption de- 
mand is divided between the two goods. The 
' fraction. of profits which is saved determines 
the increase in the stock of capital that 
propels the system forward. 

It is apparent that this depiction of the 
South corresponds closely to the celebrated 
Lewis model of economic development with 
unlimited supplies of labor. The Solow 
economy of the North and the Lewis econ- 
omy of the South are linked through inter- 
national trade. It is assumed that there is no 
lending so that trade is always balanced. 
The demand for imports in each region de- 
pends upon the relative price of the two 
goods and real income. Johnson obtained a 
simple formula for the change in the terms 
of trade resulting from exogenously given 
growth rates of output in the two regions. In 
the present model, however, there is a 
feedback from the terms of trade to the 
growth rate of output in the South. The next 
section will demonstrate how the terms of 
trade and the growth rate of the South have 
to adjust to the growth rate of the “effec- 
tive” labor force in the North that de- 
termines the steady-state growth of the 
whole interdependent dynamic system that 
constitutes the specification of the world 
economy. i 


-H 


The basic structure of the model will be 
presented in this section. The following 
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notation will be used: 
g=output per worker of manufac- 
tures in the North 
q =output per worker of primary pro- 
ducts in the South 
Ly, Ls=employment in North and South 
Yy, Y= total incomes in North and South 
ky,ks=capital-labor ratios in North and 
South i 
w= fixed wage in the South 
n= fixed growth rate of effective labor 
in the North 
0=the terms of trade (manufactures 
per unit of primary products) 
A=ratio of employment in the South 
to employment in the North 
p=rate of profit in the South 
s=constant fraction of income saved 
in the North 
o=constant fraction of profit saved in 
the South 
Iy, d= total imports in North and South 
m=per capita imports of the North 
u=per capita consumption imports of 
the South 
Nnv>Ns = elasticities of m and u with respect 
to 8 and 1/8, respectively. 
Asterisks will denote long-run equilibrium 
values of the corresponding variables. 
The constant returns-to-scale production 
function for primary products in the South 
is 


(1) a= 1(Kg) 
and the profit-maximization condition is 
(2) (ks) 7 w'(ks)ks= Ww 


Under the usual assumptions that 7’(k,) 
>0 and w”(k,)<0, there is a unique kg that 
satisfies (2). Since capital consists of a stock 
of manufactures and output of a flow of 
primary products, the rate of profit in the 
South is 


(3) p= On'(kE) 


while the common growth rate of total 
capital, output, and employment in the 
South is 


(4) g=op 


VOL. 70 NO. 3 


which is the so-called “Anglo-Italian” equa- 
tion. 

A necessary condition for a steady-state 
equilibrium in the world economy is that the 
growth rates of North and South should be 
equal. Since the natural growth rate of the 
North is the constant n, it follows from (3) 
and (4) that there is a unique value 


(5) 9* = —— 


~ on (kž) 


of the terms of trade that is consistent with 
balanced growth of the world economy as a 
whole. Notice that 0* depends only on 
n,o,w, and the production function for the 
South. It is completely independent of the 
production function and propensity to save 
of the North, and of the demand for imports 
in the two regions. 

The terms of trade must also, however, 
equilibrate the balance of trade. I now turn 
to the determination of the terms of trade in 
the “short run” by reciprocal supply and 
demand for exports and imports in the usual 
manner, after which it will be shown how 
the short- and long-run values of the terms 
of trade become reconciled with each other. 

The production function for the North is 


(6) Yy = q(Ky) Ly 
where Ly depends upon time by the relation 
(7) Ly = Lge” 


and ky at any instant is determined by past 
history. The import demand function of the 
North is 


(8) Iy =m 6, (1 — 5) q(ky) | Ley 


where it is assumed that m’(@)<0 and that 
the elasticity of m with respect to per capita 
consumption (l —s)q(k,) is equal to unity. 
The import demand function for the South 
is 


(9) I= | dow’ ( ks) S 


+a g+ —o)w/(k3)k3) | Ls i 
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where the expression in brackets is the sum 
of per capita imports for investment and 
consumption, respectively. At any price 1/8 
the demand for capital goods will be 
bon'(kë)kž per worker employed, so that 
investment is always equal to the fraction o 
of profits in terms of primary products, im- 
plying that the price elasticity of demand for 
capital goods imports is unity. Per capita 
import demand for consumption purposes is 
u, with p’(1/@)<0 and the elasticity with 
respect to per capita consumption w+(1— 
o)a'(ké)ké is equal to unity. Southern em- 
ployment L, is determined by 


(10) kg Ls = Ks 


where the total capital stock at any instant 
K, is given by past history. In the absence 
of international capital movements the trade 
balance must be zero so that 


(11) Oly = I 


Substituting for J, and J, from (8) and 
(9) and letting A= L,/L, denote the ratio 
of employment in the two regions, (11) can 
be solved to obtain 


ral ( h+ (1—o)n'(kë)kž 


Ct m(0,ky)—Aon'(ké) ks 

In the short run A and ky are given by 
past history so that (12) determines the 
value of @ that equilibrates the trade bal- 
ance. On the other hand, if @ is at its long- 
run value @* as determined by (5) then for 
each ky there is a value of A such that (12) is 
satisfied. In particular, if ky is at the 
steady-state value k% given by the condition 


_ SaCkÀ) 
n 


(13) kt 


then (12) determines the. corresponding 
unique steady-state value of A as 


(14) 


a 6*m*(0*, k*) 


(ae 7+ (1— a)a(kg)kg} + nk | 
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after using (5). It is apparent that A* is equal 
to the ratio of steady-state per capita im- 
ports for the two regions. 

' The ratio of total incomes in the two 
regions is 


Y, O* ar(k*)A* 
15 Si 
( ) Yy q( kx) 


In interpreting (15) it should be noted 
that q(k%) is output per unit of “effective 
labor.” If n includes labor-augmenting tech- 
nical progress then the ratio of effective to 
actual labor will be continually increasing in 
the North. The per capita income of the 
actual labor force will be continually rising 
in the North while it will be constant in the 
South since n is there the rate of growth of 
the actual labor force. 


ii 


Having obtained the steady-state solution 
of the model, this section examines the 
question of convergence towards the steady 
state from arbitrary initial conditions, At 
any instant Ly, Ky, and Kg are all given by 
past history, and L, is determined by 
the fixed wage w and the corresponding 
capital-labor ratio kj. Dividing Ky and L, 
by Ly, one obtains the normalized variables 
ky and A which are the state variables of the 
dynamic system to be studied explicitly in 
this section. Capital in the South Ko is nota 
separate state variable since it is always 
strictly proportional to Lẹ by virtue of the 
fixed-wage assumption. Under the assump- 
tions about saving out of profits and wages, 
the common growth rate of K, and Lg is 
on (kO, ky). The relative rate of change 
of A is therefore the difference between this 
rate and the fixed growth rate n of labor 
force in the North. The rate of change of ky 
is equal to the difference between per 
capita saving and the requirements for 
maintaining the capital per head of the 
growing labor force. 

The basic dynamic system can therefore 
be formulated as 


(16) DdA={ on'(k3)0A, ky) — nA 
(17) Dky=sq(ky)—nky 
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0 k* 


FIGURE Í 


where D denotes the derivative with respect 
to time. 

The properties of this system can be con- 
veniently seen by means of the phase dia- 
gram constructed in Figure 1. The Dk, =0 
locus is a vertical line at the value kë ob- 
tained in (13). It is independent of A. The 
condition for DA=0 is that @ should be at 
the value 8* obtained earlier in (5). The 
DX=0 locus is therefore one which shows 
the value of A corresponding to any value of 
ky such that @=6*. The positive slope of 
the DA=0 locus is derived from the relation 





dx 00 , 00 
Tgp akg ON 


which is obtained by total differentiation of 
(12) evaluated at 0*, with 


(19) 
30 tg (1 —s)qg' (ky) m0 
Oky Om 
YO [m—Non(kg)48](1—ns— 5 ty] 
(20) 
06 | [ u+ on’ (k)kz | 
aA 


f Om 
[ m—Aor (kg)kg}(1—15~ Sny) 
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The common: denominator of (19) and 
(20) is the product of two terms, the first of 
which is the denominator of (12) and is 
positive. The second is negative if 


8 
(21) i ast Ju n?! 


where ng and ny are the elasticities of con- 
sumer import demand with respect to the 
terms of trade in the two regions. This is 
what corresponds to the familiar Marshall- 
Lerner stability condition in the present 
model, since the elasticity of demand for 
investment imports in the South is unity. It 
is apparent that (21) and the Marshall- 
Lerner condition are equivalent since (21) 
implies that ny plus a weighted average of 
Ns and the unit elasticity of investment im- 
ports with Au/@m as the weight of yy ex- 
ceeds unity. The symbol m in the numerator 
of (19) is the partial derivative of m with 
respect to per capita consumption expendi- 
ture (1 — s)q(kKy) in (8). It follows that 


00 30 
Fkn >0, Dr <0 


if (21) holds, which establishes the positive 
slope of the DA=0 locus from (18). The 
reason for this slope is clear siħce an in- 
crease in ky improves the terms of trade of 
the South above @* so that an increase in A 
is required to restore this value. The inter- 
section of the DA=0 and Dk, =0 loci de- 
termines the steady-state value A* of A, 
already obtained in (14). 

Examining the dynamic system (16) and 
(17) the “trace condition” for stability is 
seen to be satisfied since 


(DA) yp 90 
(22) SE =aton'(k$) <0 
a(Dk 
(23) Ph) = sg(kt)-n<0 
ky 


at the steady-state point (À*,kž). The condi- 
tion (23) is the same as the familiar stability 
condition for the Solow model of a closed 
economy. 
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The “determinant condition” for stability 

is also fulfilled since , 

a(DA) _ 
dky 


(25) — =O 


(24) A*on' (kt) >0 
dky 


The conditions imply that A falls at any 
point above the DA=0 locus and rises at 
any point below it, while ky increases at any 
point to the left of the Dk, =0 locus and 
decreases at any point to the right. The 
motion of A and ky is indicated by the 
arrows in each of the quadrants. A possible 
trajectory from an arbitrary initial condition 
is indicated by the dashed curve in Figure 1. 
At the initial point @ is below @* so that the 
growth rate of the South: is below n which 
means that A falls and ĝ increases. When the 
DxX= 0 locus is reached = @*. The increase 
in ky raises the terms of trade above 6* 
which means that A must now start to in- 
crease together with k, towards the steady- 
state values A* and k while @ approaches 
@* from above. The terms of trade therefore 
overshoot the long-run value @* but then are 
pulled towards it. The intersection of the 
trajectory with the DA=0 locus divides the 
approach towards the steady state into two 
phases, the first in which the South grows 
more slowly than the North and the terms 
of trade continually improve, and the sec- 
ond in which the South grows faster than 
the North and the terms of trade converge 
toward @* from above. 


IV 


This section investigates the impact and 
long-run effects of variations in the parame- 
ters. The initial position will in all cases be 
taken as the steady-state point (A*,k%). 
First, suppose that there is a shift of de- 
mand in the North towards primary prod- 
ucts, so that m is larger for any given 0. The 
impact effect on @ is given by partial dif- 
ferentiation of (12) with respect to a shift 
parameter which reveals that @ would in- 
crease if the stability condition (21) holds. 
This raises the rate of profit in the South 
which causes A to increase and @ to fall. It is 
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. Clear from (5) that the long-run value of 6* 
is independent of the import demand func- 
tion of the North, so that @ converges back 
towards the original @*, while (14) indicates 
that A* increases in the same proportion as 
the increase in m. In terms of Figure 1 the 
effect is to shift the DA=0 schedule up- 
wards, while leaving the Dk, =0 schedule 
unchanged, so that A* rises and k remains 
constant. 

The impact and long-run effects of the 
shift in import demand can be conveniently 
seen in terms of Figure 2. The BB curve 
shows the combinations of 9 and A that 
maintain equilibrium in the trade balance 
when the capital-labor ratio of the North is 
at its steady-state value k#. The negative 
slope follows from the assumption that 
the Marshall-Lerner stability condition (21) 
holds. An increase in the propensity to im- 
port of the North shifts BB to the right to 
B’B’, since À has to increase at constant 0 
for (12) to still hold. In the short run A 


cannot change so it remains at the original ` 


value of A* while @ increases to the corre- 
sponding point on B’B’. This raises the rate 
of growth of the South so A increases gradu- 
ally while @ falls and the economy of the 
South moves down B’B’, approaching the 
point on it corresponding to the original 
terms of trade 9*. The same line of reason- 
ing indicates that a shift in the South’s con- 
sumption demand towards manufactures 
eventually leaves @* unchanged but reduces 
A* by a proportion equal to the product of 
the increase in consumption demand and 
the share of imports for consumption to 
total imports in the South. The effects on 
relative income shares of these shifts in 
import demands are proportional to the 
changes in A*, as (15) indicates. 

An increase in the propensity to save of 
the North raises k* by virtue of (15) so that 
the Dk, =0 schedule is shifted to the right, 
while (5) shows that @* is not affected by 
this change. An increase in s, for given 
values of ĝ and ky, must lead by (12) to a 
reduction in A, so that the DA=0 schedule 
is shifted downwards as a result. This is 
because a rise in s means a shift towards 
manufactures and away from primary prod- 
ucts in the demand pattern of the North, so 
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FIGURE 2 


that A must fall if there is to be equilibrium 
in the balance of trade with everything else 
held constant. The fact that the DA=0 
locus shifts down while the Dk,,=0 locus 
shifts to the right might appear to render the 
effect of a rise in s on A* ambiguous. If the 
North is to the left of the Golden Rule point . 
where q’(k,)=n, however, a rise in s must © 
raise total consumption per capita (1— 
s)q(k}). It follows from (14) that A* must 
increase in the same proportion as steady- 
state per capita consumption in the North, 
since the elasticity of demand for primary 
products with respect to consumption ex- 
penditure is unity. It is interesting to note, 
therefore, that A* is maximized, for given 
values of all other parameters, when the 
propensity to save in the North is at the 
level required by the Golden Rule. The dis- 
parity in per capita consumption and in- 
come levels between North and South is of 
course widened by the increase in s since 
the levels of these variables in the South are 
not affected by s. The ratio of total incomes 
shown in (15) worsens for the South in spite 
of the increase in A*, since the proportion- 
ate increase of this variable is equal to 
(1—s)g(k%) which is less than that of 
q(kx,) because of the rise in s. An increase in 
the North’s propensity to save therefore 
raises relative employment in the South but 
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it lowers its relative per capita income. The 
favorable effect on relative total income of 
the South of the improvement in relative 
employment is not sufficient to offset the 
decline in relative per capita incomes. 
Technological change in the North can be 
introduced in the form of a once and for all 
Hicks-neutral shift in the production func- 
tion g(k,), or in the form of an increase in 
the rate of labor-augmenting Harrod-neutral 
progress that results in an increase in n, the 
growth rate of the effective labor force. 
Taking the case of the Hicks-neutral shift 
first, it is evident that the Dk, =0 locus is 
shifted to the right and that k# increases. 
For given values of @ and ky (12) implies 
that A must increase if g(k,) rises. The DA 
=0 locus is therefore shifted upward and so 
A* increases. The immediate impact of the 
Hicks-neutral shift in the production func- 
tion of the North is for @ to increase with A* 
and ky at their original steady-state values. 
The initial rise of 0 raises the growth rate of 
the South above n, which causes A to in- 
crease towards its new steady-state value, 
while k, also increases because savings in 
the North now exceed the steady-state re- 
quirement. The fact that the South grows 
faster than the North means that @ falls 
after the initial jump in its level, and it 
eventually approaches its original level 8* 
which, as may be seen from (5), is not 


affected by the shift in g(k,). It can be seen _ 


from (14) and (15) that the shift in g(k,,) has 
no effect on the relative total incomes of the 
North and South since A* increases in the 
same proportion as g(Ky) while 0* remains 
unchanged. Relative per capita incomes of 
course move in favor of the North. 

An increase in n shifts the Dk, =0 locus 
to the left and reduces kX. From (5) it is 
clear that 8* must rise in the same propor- 
tion as n, so that there is a permanent im- 
provement in terms of trade of the South. 
For any given ky it follows from (12) that a 
higher @* requires a lower A to equilibrate 
the trade balance, so that the DA=0 sched- 
ule is shifted downward and A* falls. 

A change in any of the South’s parame- 
ters does not affect the Dk, =0 locus and so 
leaves kX unchanged. The welfare of the 
North, however, can be altered by these 
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parameter shifts through their effects on 
the terms of trade. An increase in the fixed 
real wage W raises the capital-labor ratio kg 
in the South and so reduces a’(k$), the 
marginal productivity of capital. This results 
by (5) in a rise in @* proportionately equal 
to the fall in 7’(k%). The South is therefore 
able to improve its terms of trade in the 
long run by an exogenous increase in the 
fixed real wage. The price for this, however, 
will be a reduction in the relative employ- 
ment ratio A*. This can be proved by show- 
ing that an increase in W must reduce A* if 
the terms of trade are held constant, so that 
the improvement in the South’s terms of 
trade must reduce it even further by virtue 
of the fact that dA/d8<0. The rise in kg 
induced by the rise in w, combined with 
the fact that the South is to the left of 
the Golden Rule since o<1 means that 
total consumption expenditure W+(1— 9) 
a’(kg)k§ and investment nk§ both rise on 
a per capita basis. At constant terms of 
trade this means an increase in the demand 
for imports for both consumption and in- 
vestment purposes. Exports will however be 
constant, since the North’s income is not 
affected, so that A* must fall as a result of 
the rise in w with @* held constant. But 6* in 
fact rises, so that A* must fall even further 
since 0A/00<0. 

An increase in c, the propensity to save 
out of profits in the South, leads by (5) to a 
fall in #* in the same proportion. The effect 
on A* is obtained by logarithmic differentia- 
tion of (14) with respect to o, using the fact 
that the elasticitiy of 8* with respect to ø is 
minus unity. This establishes that 


| o dà* 
daidi eeii poale 
(26) C 20 
depending upon whether 
* g* — a ? k* k* 
(27) = tw +13 ———— 


where # is the additional import of manu- 
factures for consumption resulting from an 
increase in total consumption expenditure 
in terms of primary products w+(1—<9)- 
a(ke)ks. The condition (27) on the sum 
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of the elasticities of import demands is more 
stringent than the stability condition (21), 
since the marginal propensity to import 
when income in the South is measured in 
terms of manufactures is £/0@*, which is 
between zero and unity, making (a*— fi) 
positive. 

The effect of a rise in o on A* at constant 
terms of trade is for it to be reduced, since 
all of the increase in saving out of profits is 
spent on imports while only part of what 
was formerly being consumed was spent on 
imports, requiring A* to fall to equilibrate 
the trade balance. The terms of trade wor- 
sen, however, which, if (21) holds, leads to a 
rise in A*. The necessary and sufficient con- 
dition for the induced increase in A* to 
more than offset the fall at constant terms 
of trade is provided by (27). 

In terms of Figure 2 the increase in o 
shifts the BB curve to the left to B” B”. In 
the short run A* remains fixed so @ falls to 
the corresponding point on B” B”. This de- 
cline, however, may be smaller or greater 
than the long-run decline in 8* which must 
be in the same proportion as the increase in 
o. The new steady-state value of A* will be 
at the point on B” B” corresponding to this 
long-run decline in 9* and the economy of 
the South moves along B” B” in whichever 
direction is required to get to this point 
since DX will be positive or negative de- 
pending upon whether the impact effect on 
0 is less or more than the long-run effect. 

The effect of the increase in o is to worsen 
the relative per capita income of the South 
‘since 0* falls while (kg) and g(ky) are 
unchanged. The effect on relative total in- 
comes depends in addition upon what 
happens to A*. So long as the total elasticity 
of A* with respect to o, obtained earlier in 
connection with (27), does not exceed unity 
the relative total income of the South must 
also decline. 

A simple way in which a once and for all 
technological change in the South can be 
introduced is by an increase in the marginal 
productivity of capital with the capital-labor 
ratio and the marginal productivity of labor 
unchanged. This will lower #@* in the same 
proportion as the rise in the marginal pro- 
ductivity of capital, as implied by (5). De- 
noting 7’(k#) by r, the effect of this type of 
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technical progress on A* is obtained by loga- 
rithmic differentiation of (14) with respect 
to r, using the fact that the elasticity of 0* 
with respect to r is minus unity. This yields 
the result that 


r dà* 20 


(28) va 


depending on whether 


* 0*—(1—o)ğ|rkë 
(29) DM yt qgeie LO EIS 


The interpretation of (29) is analogous to 
that of (27). The impact and long-run effects 
on 9 and A can also be shown in terms of 
Figure 2 in a manner corresponding exactly 
to the preceding analysis of the increase in 
the propensity to save, since the increase in 
the South’s income at constant terms of 
trade requires A to be reduced, thus shifting 
BB to the left. 

The effect of this type of technological 
change is to reduce the relative per capita 
income of the South. The reason is that 0* 
deteriorates in the same proportion as r 
increases while s(k%) increases only by the 
share of profit times this amount. Thus the 
relative total income of the South would 
also decline unless the total elasticity of A* 
with respect to r, obtained in connection 
with (29), were to exceed the share of wages 
times the proportionate increase in r result- 
ing from the technological change. 


Vv 


“An engine of growth” was the famous 
phrase that Dennis Robertson used to de- 
scribe the role of international trade in the 
expansion of the world economy from the 
mid-nineteenth century to World War I, a 
process that has continued in the last three 
decades after the disruptions of the interwar 
years. In the model that has been presented 
here, trade is indeed an engine of growth for 
the economy of the South, but the power 
that drives that engine is generated by the 
exogenously determined natural growth rate 
of the North. The South does not have a 
given natural growth rate but an endoge- 
nous one, depending upon the value of the’ 
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terms of trade since this is what determines 
the rate of profit in the Anglo-Italian equa- 
tion. The steady-state level of the terms of 
trade must be whatever is necessary to make 
the endogenous growth rate of the South 
equal to the fixed natural growth rate of the 
North. 

The structural differences in the de- 
termination of the growth rate of the 
two regions produces asymmetrical con- 
sequences on the terms of trade of changes 
in technology and the propensity to save. As 
demonstrated in the previous section, once 
and for all improvements in the production 
function of the North and increases in its 
propensity to save leave the terms of trade 


unchanged in the long run and increase its: 


real per capita income. In the South, on the 
other hand, these shifts lead to a pro- 
portionate fall in the long-run terms of trade 
and a decline in real per capita income 
“measured in terms of manufactures. These 
unfavorable ‘effects, however, are compen- 
sated by an increase in the relative employ- 
ment ratio if the elasticities of import de- 
mand are sufficiently high. This asymmetry 
is a prominent feature in the writings of 
Raul Prebisch and Hans Singer. The argu- 
ments put forward for this asymmetry by 
these writers, however, usually involve the 
role of monopolies and trade unions in the 
North and generally have not been very 
convincing. The present analysis obtains 
similar conclusions in spite of assuming per- 
fectly competitive markets everywhere. 

In conclusion some of the major limita- 
tions of the model may be noted. One of 
these is the absence of international capital 
mobility in response to differences in the 
rate of profit between North and South. 
This can readily be handled but an ade- 
quate treatment requires a separate paper. 


Another is the assumption of complete spe-- 


cialization in both regions. Two-sector open 
dual economics have been studied, for ex- 
ample in my book, Part 2, though only in 
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the context of either constant terms of trade 
or an exogenously shifting demand curve 
for the exportable primary product. Once 
again, an extension of the analysis to ac- 
commodate this feature is quite feasible but 
would require too much space to attempt 
here. 

The most basic assumption of all, of 
course, has been that the South enjoys un- 
limited supplies of labor at a fixed real 
wage. This is not intended as a permanent 
state of affairs, since if the growth rate of 
employment in the “modern” or com- 
mercialized sector exceeds the rate of popu- 
lation growth, the unlimited supplies of 
labor must become exhausted and growth 
will eventually produce a rise in the real 
wage. Structural differences between North 
and South would then no longer exist and 
the neoclassical model would come into its 
own the world over. Hopefully that day will 
come, but it has not as yet. 
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Taxing Tar and Nicotine 


By JEFFREY E. HARRIS* 


Consumer misperception of health con- 
sequences is often invoked to justify govern- 
ment intervention in cigarette smoking. 
Rather than debating this issue here, I 
address a more practical problem. Suppose 
that government intervention is warranted 
by such misperceptions. What then is the 
most appropriate corrective action? 

In particular, I analyze one form of cor- 
rective action—the taxation of cigarettes 
according to their tar and nicotine contents. 
I set up a benefit-cost framework in which 
smokers fail to perceive the health costs of 
cigarette use. Within this framework, I focus 
on the administratively simple case where 
different uniform tax rates apply to cigarette 
brands whose tar and nicotine contents ex- 
ceed or fall below a specified cutoff value. 
The main regulatory design question is: 
What should determine our choice of these 
two tax rates and the cutoff value of tar 
and nicotine? The empirical answer below 
strikingly illustrates how biological and 
economic facts interrelate in the formula- 
tion of a discriminating public policy 
toward cigarette smoking. 


I. Assumptions 


The population contains a large number 
of cigarette smokers, who may differ in their 
cigarette preferences. In making their con- 
sumption decisions, these smokers fail to 
take account of the health damage produced 
by smoking. The purpose of the govern- 
ment’s tax policy is to correct for these 
failures. The magnitude of this health 
damage depends upon the number and type 
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of cigarettes smoked, but it is otherwise 
independent of tastes and incomes. 

` Social welfare is defined to be the sum of 
smokers’ willingness to pay for cigarettes 
minus health damages, plus cigarette pro- 
ducers’ profits and plus government tax rev- 
enues. This benefit-cost criterion is not 
sensitive to the distribution of benefits 
among consumers, government, and ciga- 
rette producers. It.is also insensitive to 
the distribution of health damages across 
smokers. 

I shall index smokers’ cigarette tastes by 
the continuous scalar parameter n, which 
has probability density f(n). Each smoker’s 
consumption is characterized by x, the 
number of cigarettes smoked; and a, an 
index of the tar and nicotine (TN) delivery 
of the particular brand smoked. Smokers’ 
tastes are ordered so that in equilibrium a 
increases with n. That is, a,20, where 
subscripts stand for partial derivatives. 
Cigarette brands, I assume, are available . 
over a continuum of values of a. 

Let H(x,a) denote the individual health 
damage, in dollars, from smoking x 
cigarettes with TN content a, where H, >0 
and H,>0. Let c be the marginal cost of 
cigarettes, which is assumed to be constant 
and independent of a. Let Y and y be a ` 
smoker’s gross income and his income avail- 
able for all other goods, respectively. Let the 
utility function of a smoker with preferences 
of type n take the form 


(1) 


where U(x,a,n) is concave in x and a. 
Given (1), a smoker’s demand for cigarettes 
does not depend on his gross income or on 
the demands for other goods. Moreover, I 
assume that for all n, U,(x,a,n)=0 for 
some values of x and a. That is, smokers 
can be satiated with respect to the TN de- 
livery of cigarettes. For purely notational 
convenience, and without loss of generality, 


V(x, a,y,n) = U(x,a,n)+y 
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all smokers are assumed to have the same 
gross income Y. 


II. Uniform Price Case 


First consider the case where the after-tax 
unit price p of cigarettes is independent of 
a. This case closely approximates current 
cigarette pricing and taxation. 

Each smoker, failing to perceive the cost 
H, chooses (x,a,y) to maximize V subject to 
the budget constraint px+y= Y. From (1), 
this is equivalent to choosing (x, a) to maxi- 
mize U(x,&,n)—px+ Y. A smoker’s con- 
tribution to government tax revenues and 
cigarette producers’ profits is (p—c)x. So- 
cial welfare is therefore 


(2) W= J, [ V(x,a,y,n)+(p—c)x 
| — H(x,a)] f(n)dn ` 


= f [Uxa n) + Y—cx— H(x,a)]f(n)dn 


where the domain of integration is the real 
line R, and where x, a, and y depend upon p 
and n. 

For each cigarette smoker of type n, the 
necessary first-order conditions for utility 
maximization include 


(3) U(x, a,n) =p 
U (x,a,n)=0 


Denote the utility-maximizing choices solv- 
ing (3) Ei x(p,n) and a(p,n). Although 
X,(p,n)S 0, all p,n, the sign of a (p,m) may 
be positive or negative. When a, <0, 
cigarette TN and smoking frequency are 
complements, and when a,> 0, they are 
substitutes. Differentiate W with respect to 
p and substitute (3) 


(4) T=(p-o)f fan 


dp 
~ f Haxsfdn— | Heopfdn 


where I have omitted the arguments of Kn), 


HARRIS: TAXING TAR AND NICOTINE 301 


x(p,n), a(p,n). The first term on the right- 
hand side measures the conventional dead- 
weight loss reap from an increase in 
price. Since x, £ < 0, the second term neces- 
sarily represents an offsetting decrease in 
health damage. The sign of the third term is 
in general indeterminate. But when a, >0, 
all n, the favorable health effect of a price- 
induced decrease in smoking frequency is 
counterbalanced by a compensating in- 
crease in TN. As we will see in Section IV, 
this is the important and realistic case. 

From (4), the first-order condition for a 
maximum of W is 


ek pom Jatt M a 


ffan J ztn 


This condition reveals two problems in im- 
plementing a uniform corrective tax. First, 
we have only one policy instrument (..e., p) 
to influence two different dimensions of 
cigarette consumption (i.e., x and a), both 
of which may affect health. By taxing the 
quantity of cigarettes consumed, we may 
indirectly and adversely affect individuals’ 
TN choices (see Jerry Green and Eytan 
Sheshinski). Second, the variability of 
smokers’ cigarette tastes limits the dis- 
criminatory power of a uniform tax. Indi- 
viduals who smoke different quantities of 
cigarettes with different TN contents will in 
general have different marginal health 
damages H, and H,. We cannot therefore 
set the markup p—c equal to the marginal 
health damage for each smoker. Given this 
limitation, the price derivatives x, and a, 
tell us which smokers’ marginal health 
damages should get the most weight (see 
Peter Diamond). 
Now define 


(6) pla,p,n)= max { U(x,a,n)—px+Y} 


The indirect utility function u represents the 
maximum utility achieved at a uniform 
price p when a is constrained at a particular 
value. Let x(p,a,n) be the maximizing 
choice of x in (6). We have x,(a,p,n)S 0, 
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and when x and a are substitutes, x,(a,p, 7”) 
is negative. Define l 


(7) o(p,n)= max u(a,p,n) 


The indirect utility function v represents the 
maximum utility achieved at a uniform 
price p when both x and a are uncon- 
strained. The utility-maximizing choices in 
(7) are necessarily x(p,n) and a(p,n). 


HI. Step-Function Price Schedule 


Now consider the case where different 
uniform tax rates apply to cigarette brands 
whose TN contents exceed or fall below a 
specified cutoff value. Brands with TN con- 
tent not exceeding the cutoff value a* have 
after-tax price p. Brands with TN content 
exceeding a* have after-tax price g. The 
graph of such a unit price schedule, in the 
typical case where q >p, is the step function 
of Figure 1. The more general case of multi- 
ple cutoffs is considered in Section VI. 

The representative points denoted by D, 
E, F in Figure 1 illustrate the three kinds of 
responses of individual smokers. Individuals 
at D smoke cigarettes with TN content less 
than a*. Those at E, by contrast, would 
smoke higher TN cigarettes if a* were in- 
creased, But their desires for higher TN are 
not so great that they are willing to pay the 
higher price q. Finally, those at F are willing 
to pay the higher price g for higher TN. 
Hereafter, D, E, and F refer interchange- 
ably to subsets of points in the (a,p) plane 
and to subsets of smokers. 

In Figure 2, indifference curves for u for a 
particular. smoker are superimposed upon 
Figure 1. The direction of increasing utility 
is downward. For any uniform price sched- 
ule, this smoker’s choice of a is determined 
by the point of tangency of his indifference 
curve to the horizontal price line. The ex- 
pansion path corresponding to these tan- 
gency points is aa’. In the presence of a 
step-function price schedule, however, this 
particular smoker’s utility u is maximized at 
the corner solution E. Note that u! = v(g,n), 
p= p(a*,p,n), and pe = o(p,n). 

The subsets D, E, and F correspond to a 
partitioning of the domain of n into three 
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ar - tar~nicotine 
FIGURE 1, STEP-FUNCTION PRICE SCHEDULE 
intervals. The boundary points between 


these intervals, which I denote by n’ and n”, 
are defined as follows: z’ is the root of 


(8) a(p,n)=a* 
and n” is the root, for all n2 n’, of 
(9) u(a*,p,n)=0(9,n) 


Individuals in subset D, for whom n<n’, 
smoke x(p,n) cigarettes with TN., delivery 
a(p,n)<a* and have utility o(p,n). Those 
in subset E, for whom n’<n<n”, smoke 
x(a*,p,n) cigarettes with TN content a* 
and have utility u(a*,p,n). Those in subset 
F, for whom n>n”, smoke x(q,n) cigarettes 
with TN content a(q,n) and have utility 
v(q,n). Smokers of type n’ have an indif- 
ference curve tangent to the horizontal price 
line for p exactly at point E. Smokers of 
type n” have an indifference curve that 
passes through point Æ and is tangent to the 
horizontal price line for q. 

Can this step-function price schedule 
solve the two conceptual problems posed by 
the implementation of a uniform corrective 
tax? For smokers in subset £, we now ‘have 
as many policy instruments (that is, p and 
a*) as dimensions of cigarette consump- 
tion (i.e., x.and a). In fact, we can locate an 
individual anywhere to the left of his aa’ 
curve in Figure 2 by appropriately choosing 
a* and p<q to form a corner E at that 
point. (To the right of aa’, we would need 
q<p, a case which will not be important 
below.) Because smokers’ cigarette tastes are 
heterogeneous, however, we cannot neces- 
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price 


“it | # 
i : TN 
a Q(p.n) Alan) 


FIGURE 2. INDIFFERENCE CURVES FOR THE 
Inprrect Utiniry FUNCTION p 


sarily get all smokers simultaneously to their 
individual optima at Æ. In that case, it may 
be preferable to bunch only some smokers 
at the corner E, permitting the remaining 
smokers in D and F to face two different 
uniform prices. Our regulatory design ques- 
tion becomes: Which cigarette smokers 
‘should end up in which subsets? 

The social welfare function is 


(10) w= f [o(p,n)+(p—e)x(p,n) 

= — H(x(p,n)},a(p,n))] An) 
+ l [ wla*,p,n)+(p—c)x(a*,p,n) 

— H(x(a*,p,n),a*)] f(n)dn 

+ f [o(an)+(a—e)x(an) 

- H(x(4,n),a(&n))] kn) 


with partial derivatives 
(11) 


Wi=(p-c x, fdn— H,x,fdn 
„=(P sl bay F 


is f Ho, fdn—(J'—J")n" 
D 


(12) W,=(4- c0) f x,fdn- f Hx, fdn 


- f Haag fdn—(J'—J"\ng 


HARRIS: TAXING TAR AND NICOTINE l 303 


(13) 


W= fic U, +(p—c)x,)fdn— J Be fdn 


$ J Hore fdn-(J'—J")na» 
where 
(04) J'=[H(x(a*,p,n") a") 
= H(x(an" halan") flo") 
(15) J”=[(p—c)x(a*,p,n" 
—-(q—c)x(q,n”)} f(n”) 


As in (4), changes in the policy parameters 
P, q, and a* reflect the: balancing of 
deadweight loss and health damage’ effects 
among the affected subsets of ‘smokers. In 
contrast to (4), marginal changes in these 
parameters also produce discrete responses 
among those smokers of type n” who jump 
between higher-priced higher TN brands in 
F and the lower-priced lower TN alternative 
at E. These additional welfare. effects in- 
volve health damages (J^), and tax revenues 
and profits (J”), but not utilities. These 
discrete jumps cannot be dismissed as sec- 
ond-order magnitudes. In fact, they: can 
dominate the other terms in the welfare 
gradient. Since the magnitudes -of these 
jump effects depend on the number of 
smokers on the boundary between E and. F 
(equations (14) and (15)), the welfare 
gradient may thus be sensitive to the under- 
lying distribution of tastes f(m). As we will 
see below, if Kn) has many modes, then W 
may actually have many local optima. 

The necessary first-order conditions for a 
welfare maximum are 


f Hox fdn 
x, fdn 
a 
hiet ak pren (J’-J")ny | 


p fta pe l J pue? Ie 
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H,x,fdn where 12 A>0 and B>O are fixed con- 
a) g-c=—+—_ stants, and where both n>0 and m2 1 are 
taste parameters which may vary among 
Ja an smokers. The unconstrained demand func- 
tions solving (3) are 
[ HeaySdn poge CO Apama A nm 
F Š 
+ + f x (p/ B) eee 
Í x, fdn f x,Jfdn 
F F (21) a(p,n,m)= A ~2/Gnt nt mn) 


(18) J (U,+(p—c)x,)fdn-J" nl. 


= J Her +H fdn- J'n} y 


where (16) and (17) are analogous to (5), 
and where (18) shows how the marginal 
benefit from an increase in a* equals the 
marginal health cost. 


IV. Cigarette Smoking Preferences 


The analysis so far has imposed no 
specific form on the utility functions U. 
However, there is considerable scientific evi- 
dence that consumption x and TN delivery 
a are, to varying degrees, substitutes. In 
short-term behavioral experiments, for ex- 
ample, subjects increase their smoking 
frequency in response to controlled dilution 
of the cigarette smoke, and decrease their 
consumption frequency when cigarette tar 
and nicotine are increased (for example, see 
M. A. H. Russell et al.; Stanley Schachter; 
Murray Jarvik). In all of these experiments, 
smokers differ considerably in the magni- 
tude of their total TN intake and in the 
extent of their compensation for changes in 
TN. Heavier smokers, it appears, com- 
pensate more for a controlled change in TN 
than light smokers. Yet no smoker appears 
to compensate completely for any given 
change in TN (see S. R. Sutton et al.). In 
general, there is no strong correlation be- 
tween smoking frequency and TN choices 
across smokers (see also Section VI). 

To reflect these facts, I assume that the 
utility functions U have the following form 


B ae ae 
(19) U(x,a,n,m)= — — (Aax) ze 


x (pB METE) 


The constrained demand function solving 
(6) is 


(22) 
x(a,p,n,m)=(Aa)~"/O*"(p / By Var 


If p>B, then from (20) and (21), x, >0, 
a, >0, x,,>0 and a,,<0. Variations in the 
taste parameter n reflect heterogeneity in 
smokers’ total TN preferences. Variations in 
the taste parameter m reflect the fact that 
some smokers want their total TN in fre- 
quent less-concentrated doses, while others 
want their total TN in infrequent more-con- 
centrated doses. 

From (21) and (22), a, >0 and x, <0, i.e., 
smoking frequency and TN content are sub- 
stitutes. The elasticity of substitution be- 
tween x and a (for a controlled change in a) 
is e= —(a/x)x, =n/(1+n). Hence, the 
strength of substitution varies among 
smokers, with heavier (high n) smokers com- 
pensating for a controlled change in a more 
than lighter (low n) types. Since e<1, no 
smoker will compensate completely. From 
(20), the unconstrained own-price elasticity 
of demand is n= —(p/x)x,=(m+n)/(m+ 
n+mn). At any given uniform price, those 
who smoke a large number of cigarettes will 
have lower own-price elasticities. 

Although Section III analyzed the case of 
a single taste characteristic, the step-func- 
tion tax analysis of two taste parameters 
(n,m) is completely analogous. The subsets 
D, E, and F correspond to a partition of the 
(n,m) plane, where the boundaries between 
D and E and between E and F are two 
continuous curves. The welfare gradient is 
analogous to equations (11)-(15), with the 
corresponding jump terms J’ and J” reflect- 
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ing discrete moves by smokers whose char- 
acteristics (n,m) lie on the curve separating 
subsets Æ and F. 


V. Health Damage Function 


The health damage due to cigarette smok- 
ing has been found to be an increasing 
function of both smoking frequency and 
TN content (for example, see E. Cuyler 
Hammond et al., 1976, 1977). The exact 
quantitative dose-response relations, how- 
ever, have not been fully delineated. 

If smoking affected only one stage of a 
disease process, then the disease incidence 
should be a linear function of total TN 
dosage. If smoking affected two indepen- 
dent stages, then the disease incidence 
should be proportional to the square of the 
total TN dosage. If the disease process itself 
reduced the potency of any given cigarette 
dosage, then the damage function would 
tend to be concave (for example, the loss of 
lung function resulting from increased 
smoking could diminish an individual’s abil- 
ity to inhale deeply.) Moreover, health 
damage need not depend only on total TN 
intake. In principle, smoking a large number 
of low TN cigarettes could be more or less 
damaging than consuming the same total 
TN in the form of a few high TN cigarettes 
(for example, the noxious effects of a partic- 
ular smoke component might depend more 
on the peak blood level than the average 
exposure.) Although numerous studies have 
reported empirical dose-response relations 
between smoking frequency and disease in- 
cidence or mortality rates, their refined 
quantitative interpretation is known to be 
complicated by a variety of potential 
measurement biases (for example, poor 
health due to smoking affects smoking 
habits and in turn reported cigarette con- 
sumption). (See Richard Doll and Richard 
Peto; Hammond; Hammond et al., 1976, 
1977; Peto.) 

I therefore assume that the health damage 
function has the form 


(23) _ A(x,a)=hx Ko" 


where h, k, and A are positive constants. If 
«=A, then health damage depends only on 
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the total TN intake xa. If k >A, then smok- 
ing a large number of low TN cigarettes 
would produce more damage than obtaining 
the same total TN intake in the form of a 
few high TN cigarettes. If k <A, then a large 
number of low TN cigarettes would produce 
less health damage. Below I shall consider 
alternative values of 0.5, 1.0, and 2.0 for 
both x and À. 


VI. Results 


Hereafter, p is measured in dollars per 
pack, x is measured in packs per day, and a 
is measured in milligrams of tar per 
cigarette. Since the crude correlation coef- 
ficient between tar and nicotine contents 
across brands exceeds 0.9, the latter 
measurement convention involves little loss 
of generality. 

Figure 3 depicts the distribution of tar per 
cigarette smoked by adult, current cigarette 
smokers in the United States in 1975. This 
distribution was derived from an ap- 
propriately weighted sample of 4,134 cur- 
rent smokers responding to the 1975 Adult 
Use of Tobacco survey. The central density 
in the 15-20 mg. tar range represents the 
conventional filter-tip brands, while the 
density beyond 20 mg. tar represents the 
conventional high TN, nonfilter brands. 
Those cigarettes below 15 mg. tar represent 
the relatively new low-tar and nicotine 
varieties. Table 1 shows the relation be- 
tween cigarette tar content a and smoking 
frequency x among individuals in this sam- 
ple. The crude correlation coefficient be- 
tween x and a was 0.04. 
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TABLE 1-—JOINT DISTRIBUTION OF CIGARETTE TAR CONTENT AND SMOKING FREQUENCY 


(Shown in Percent) 

Number of Cigarette Tar Content (mg.) 

Packs Smoked Low Tar Medium Tar High Tar 

Per Day as 15 $<aS20 a>20 Total 
xS0.5 3.8 2.7 24.8 
0.5<xS 1.5 9.3 9.0 60.1 
x>1.5 2.4 29 15.1 
Total 15.5 14.6 ` 100.0 


These data describe only the distribution 
of cigarette consumption at the uniform 
prices prevailing in 1975, and not the under- 
lying distribution of taste characteristics. 
However, for any uniform price p, the de- 
mand functions (20) and (21) specify a one- 
to-one map from (n,m) to (x,a), and there- 
fore an inverse map from the image set of 
(x,a) back to (n,m). We can therefore 
uniquely determine an individual smoker’s 
underlying taste parameters by observing 
his consumption frequency and TN choices 
at a particular uniform price. When I chose 
values of A=0.01 and B=0.001 in (19) to 
`- (22), this procedure yielded a mean own- 
price elasticity 7 among smokers equal to 
0.44 (standard deviation, 0.07; range, 
0.16-0.73), and a mean elasticity of sub- 
stitution e equal to 0.76 (standard deviation, 
0.10; range, 0.37—0.99). For those smoking 
0.5 packs per day or less, the mean value of 
7 was 0.54 and the mean e was 0.63. For 
those smoking more than 1.5 packs per day, 
the corresponding means of 7 and e were 
0.36 and 0.87, respectively. The results de- 
rived from these choices of A and B are 
consistent with previous experimental stud- 
ies of smoking behavior (for example, 
Schachter’s data‘ yield mean values of e for 
light and heavy smokers equal to 0.53 and 
0.74, respectively) and with econometric 
estimates of the own-price elasticity of de- 
mand for cigarettes (for example, see 
Herbert Lyon and Julian Simon; Lyon and 
M. Lynn Spruill; Robert Miller). 

Now consider the constant A in (23). 
Bryan Luce and Stuart Schweitzer have 
estimated the total U.S. health damage in 
1975 attributable to cigarette smoking to be 
$25.7 billion, including $7.5 billion in health 


care costs and $18.2 billion in lost earnings 
due to sickness and death. It is not obvious, 
however, what fraction of this total health 
damage should be counted as an unper- 
ceived cost (see Anthony Atkinson). We 
could assume that anyone who smokes is 
necessarily misinformed or shackled by 
addiction, and then count the entire $25.7 
billion as the unperceived cost. More con- 
servatively, we could assume that smokers 
ignore only those health costs subsidized by 
public and private insurance plans, which 
overwhelmingly do not distinguish smoking 
status or the number and type of cigarettes 
smoked. If about two-thirds of smok- 
ing related illness is covered by health 
insurance, and if about one-quarter of 
smoking-related lost earnings is covered by 
disability, pension, and life insurance plans, 
then the total unperceived cost in 1975 
would be about $10 billion or, given 52.9 
million regular smokers in 1975, a mean of 
$190 per smoker annually. I shall adjust k to 
yield this latter aggregate cost estimate. 

Finally, I measure the markups p—c and 
q-—c as increases in the price of cigarettes 
beyond observed 1975 values. In effect, I 
assume that current prices are those which 
would prevail at the optimum in the absence 
of unperceived health damages (see Efraim 
Sadka). Such an approach ignores the possi- 
bility of noncompetitive pricing by cigarette 
manufacturers. Because of geographic varia- 
tions in cigarette excise taxes, the observed 
current prices in this sample ranged from 
$0.36 to $0.60 per pack. 

Figure 4 illustrates the welfare effects of 
varying the cutoff a* from 5 to 25 mg. tar, 
with constant taxes of p — c=$0.15 and q— c 
= $0.30, and with health damage parameters 
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FIGURE 4. Errect oF VARYING a* 
p—c=$0.15; g— c= $0.30; k= = 1 


k=A=1. The top panel depicts the pre- 
dicted net decrease in health costs, the 
deadweight loss, and the net welfare gain, 
measured in $0.1 billions annually for the 
United States in 1975. The bottom panel 
shows the predicted mean tar per cigarette. 
The cutoff value a* = 13.5 mg. yields a max- 
imum health gain of $0.78 billion annually, 
at the point of minimum average tar per 
cigarette. But this health gain is counterbal- 
anced by an equally substantial deadweight 
loss. At the welfare maximum a*= 16.5 mg. 
tar, the net welfare gain is $0.34 billion 
annually. The health gain is $0.56 billion 
annually, and the deadweight loss is $0.22 
billion, which represents a $3.24 billion an- 
nual increase in tax revenues, minus a $3.46 
billion annual loss in consumer surplus. 
Figure 5 displays the corresponding dis- 
tribution of smokers among subsets D, E, 
and F. The figure depicts separately the 
responses of those individuals originally 
smoking low-tar (aS 15), medium-tar (15 < 
aS 20), and high-tar (a>20) cigarettes at 
current prices. The marked decline in mean 
tar as a* increases from 10 to 14 mg. (Fig- 
ure 4) corresponds to medium-tar smokers’ 
jumping from F to E, that is, switching to 
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FIGURE 5. DISTRIBUTION OF Low, MEDIUM, AND 
HiGH TAR SMOKERS AMONG SUBSETS D, E, AND F 
AS a* VARIES 
p—c=$0.15;¢~—c=$0.30;K=A=1 


lower-priced brands. At the welfare opti- 
mum, the low, medium, and _ high-tar 
smokers are almost exactly sorted between 
subsets D, E, and F. At this point, the 
medium-tar smokers reduce both x and «a 
by about 5 percent, while the high-tar 
smokers reduce their smoking frequency by 
about 15 percent, without switching brands. 
As a* increases beyond 16.5 mg. tar, the 
high-tar smokers jump into Æ. Because x 
and a are substitutes, their resulting decline 
in tar is counterbalanced by a 20 percent 
increase in smoking frequency. 

Table-2 displays the optimal uniform and 
optimal step-function taxes for different val- 
ues of x and À. As long as health damage is 
a function only of total TN intake (that is, 
K=<A), the optimal cutoff a* is 16—17 mg. 
tar, a value which almost exactly sorts low, 
medium, etc., and high-tar smokers between 
D, E, and F. The optimal step-function tax 
achieves a welfare gain twice that of the 
optimal uniform tax by bunching medium- 
tar smokers (who constitute 70 percent of 
smokers) at the corner E, where they de- 
crease both their smoking frequency and 
cigarette tar. 
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TABLE 2—OPpTIMAL UNIFORM AND STEP-FUNCTION TAXES 
Optimal Optimal 
Uniform Step-Function 
Tax Tax 
Damage 1975 Low- High- 1975 
Function Welfare Tar Tar Cutoff Welfare 
Parameters Tax Gain Tax Tax Tar Gain 
K À ($/pack) (billions of $) ($/pack) ($/pack) (mg.) (billions of $) 
0.5 0.5 0.10 0.07 0.17 0.21 16.6 0.13 
1.0 — 0.07 0.04 0.18 0.78 ' 15.0 0.49 
2.0 — 0.24 1.13 0.06 0.69 -12.7 2.78 
1.0 0.5 0.36 0.76 0.40 0.44 18.0 0.78 
1.0 0.18 0.22 0,31 0.43 16.3 0.44 
2.0 —0.14 0.24 0.02 0.40 14.1 1.85 
2.0 0.5 0.64 2.61 0.65 0.66 20.5 2.61 
1.0 0.57 1.91 0.60 0.64 19.5 1.95 
2.0 0.29 0.51 0.45 0.70 16.0 1.00 


When «<A, a uniform increase in price 
diminishes welfare, because the health gain 
achieved by a price-induced decrease in 
consumption is completely offset by the 
compensating price-induced increase in TN 
(recall (4) above). The optimal step-function 
strategy is to impose a price differential of 
g—p=$0.38-0.63 around a cutoff of a*= 
12.7 to 15.0 mg. tar. This price differential is 
so large that smoking brands with TN con- 
tent above a* is effectively prohibited. In 
this case, the welfare gain derives from 
brand switches of both medium- and high- 
tar smokers. (For example, at k=1, A=2, all 
medium-tar smokers and 99.6 percent of 
high-tar smokers are bunched at E. The 
total annual welfare gain of $1.85 billion 
reflects a $0.98 billion annual gain among 
medium-tar smokers and a $0.86 billion 
annual gain among high-tar smokers, with a 
negligible welfare effect on low-tar smok- 
ers.) Finally, when «>A, the step-function 
tax yields a net welfare gain which is indis- 
tinguishable from that achieved by a uni- 
form tax. 

Although Section III discussed only the 
case of two tax rates (p and q) and a single 
cutoff (a*), the quantitative analysis of a 
step-function tax with multiple cutoffs is 
completely analogous. In particular, the 
two-cutoff case (with the population of 
smokers partitioned into five subsets) 
yielded the following results. For x=A=1, 


the optimal tax scheme was $0.40 per pack 
on brands not exceeding 16 mg. tar, $0.60 
per pack on brands over 16 mg. tar but not 
exceeding 25 mg. tar, and $1.00 per pack on 
brands exceeding 25 mg. tar. The net 
welfare gain was $0.58 billion, as compared 
to $0.44 for the optimal single cutoff tax. 
This additional welfare gain was extracted 
primarily from high-tar smokers, who were 
induced to cut back their consumption 
without switching to low-tar brands. More- 
over, by locating the high-tar smokers at a 
separate corner solution in the (a,p) plane, 
we can impose a higher tax on the medium- 
tar smokers. When x=A=2, in fact, the 
incremental welfare gain derived from an 
additional TN cutoff was even more sub- 
stantial, because the damage function is 
then convex in total TN intake. In the c= 1, 
A==2 case, however, a second TN cutoff 
yields almost no incremental welfare gain, 
because we already want everyone to switch 
to low-tar brands. When k=2, A=1, a sec- 
ond JN cutoff is likewise superfluous, 
adding little to the welfare gain achieved by 
a nondiscriminating uniform tax. 

Would the optimal tax change if low-tar 
cigarettes became more popular? To test 
this possibility, I increased the sampling 
weights on all low-tar smokers in the data 
base and then recalculated the optimal sin- 
gle cutoff tax. For the x =A = 1 case, increas- 
ing the effective proportion of low-tar 
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smokers from 16 percent (Table 1) up to 62 
percent had no effect on the optimal cutoff 
a*, When the effective proportion of low-tar 
smokers exceeded 62 percent, the optimal 
a* shifted to 13.4 mg. tar. Because the 
marginal health damages of low-tar smokers 
are small relative to medium- and high-tar 
smokers, our targeting the tax structure 
toward low-tar smokers yields little health 
gains until they reach a critical proportion 
of the smoking population. This critical pro- 
portion currently exceeds the projected 
one-third market share of low-tar cigarettes 
for 1979 (see my paper). 


VII. Discussion and Conclusions 


I have shown how the design of a TN- 
based cigarette tax hinges critically on the 
health tradeoff between smoking frequency 
and cigarette TN delivery. If smoking a few 
high-TN cigarettes produces more health 
damage than smoking many low-TN ciga- 
rettes, then the best policy is the prohib- 
itively high tax on brands delivering more 
than 13-15 mg. tar. If smoking many low- 
TN cigarettes is more damaging, then the 


best policy is a relatively high, uniform tax - 


on all brands. If health damage depends 
only upon total TN intake, then the best 
policy is to tax all brands, with a moderate 
price differential at 16-17 mg. tar. This 
policy induces medium-tar filter-tip smokers 
to reduce both TN and smoking frequency, 
while high-tar nonfilter smokers reduce their 
smoking frequency without switching to the 
lower-TN brands. This health tradeoff also 
determines the incremental welfare gains to 
be achieved by additional gradations in the 
tax scheme. These potential gains must be 
balanced against the administrative cost of 
maintaining an array of price gradations 
for different TN deliveries (see William 
Drayton; Donald Garner). 

The annual net benefit derived from the 
- simple step-function tax ranged from $0.1 to 
$2.8 billion in 1975. These results, however, 
were based upon a conservative interpreta- 
tion of the unperceived health costs of 
smoking. Under a broader definition, the 
net welfare gains could be substantially 
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greater. As long as the social cost of smok- 
ing 1s construed in terms of health damages 
which smokers inflict upon themselves, then 
the damage function can be derived from 
the biological dose-response curve. If the 
effects of sidestream smoke on nonsmokers 
or bandwagon effects on teenagers were at 
issue, however, then these dose-response re- 
lationships do not necessarily apply. 

For the class of damage functions consid- 
ered above, the optimal TN cutoff ranged 
from 12 to 21 mg. tar. However, if the true 
damage function displays a no-damage 
threshold at very low values of TN, then the 
optimal cutoff may fall in the very low 
range. At present, however, there is no evi- 
dence for the existence of such a threshold. 
My inclusion of only smoking frequency 
and cigarette TN delivery in the health 
damage function ignores other factors con- 
tributing to the health damage from smok- 
ing (for example, the synergistic effect of 
cigarettes and certain occupational ex- 
posures). In principle, we could write the 
damage function as H(x,a,r) where r is 
an additional characteristic which varies 
among smokers. The critical question in that 
case is the possible covariation between r 
and the taste characteristics n and m (for 
example, asbestos-handling smokers might 
be high-7N types). Moreover, the index a 
may not adequately characterize the dosage 
of various smoke consitituents. For exam- 
ple, certain medium-tar cigarettes with un- 
ventilated filters may have greater carbon 
monoxide deliveries than certain high-tar 
nonfilter cigarettes (see R. A. Jenkins, R. B. 
Quincy, and M. R. Guerin). In the optimal 
tax results above, however, high-tar smokers 
did not switch to these medium-tar brands 
and therefore did not increase their cigarette 
carbon monoxide content. In the «<A case, 
both high-tar and medium-tar smokers 
switched to brands below 13-15 mg. tar, a 
range where carbon monoxide deliveries are 
generally lower (see Jenkins, Quincy, and 
Guerin, Figure 1). In the «>A case, the 
uniform tax induced some medium-tar 
smokers to switch to high-tar nonfilter 
brands, thus decreasing their carbon monox- 
ide content. 
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On the supply side, this analysis assumed 
that the marginal cost of cigarettes was con- 
stant and independent of TN. Accurate 
information concerning the allocation of 
various tobacco manufacturing, product de- 
velopment, and promotional costs across 
brands is not currently available. The effect 
of alternative tax schemes on the magnitude 
and distribution of cigarette advertising ex- 
penditures is a critical issue in this respect. 

On the demand side, this analysis omitted 
certain aspects of cigarette consumption 
other than brand choice and smoking 
frequency. When smokers switch to lower 
TN cigarettes, for example, they may com- 
pensate by inhaling more deeply or smoking 
them further down to the end (see, for ex- 
ample, Sutton et al.; the author). It is dif- 
ficult to imagine how we could devise an 
additional policy instrument to control this 
aspect of consumption. Moreover, by 
assuming a fixed population of smokers, I 
have ignored the possibility that changes in 
taxes may affect initiation of smoking 
among teenagers or cessation of smoking 
among adults. 

Finally, this analysis has not squarely 
confronted the addictive nature of smoking. 
Although my welfare criterion incorporates 
the consumer benefit from smoking, it may 
not be appropriate to measure this benefit in 
terms of willingness to pay. This is the sub- 
ject of a later paper. 
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An Almost Ideal Demand System 


By ANGUS DEATON AND JOHN MUELLBAUER* 


Ever since Richard Stone (1954) first 
estimated a system of demand equations 
derived explicitly from consumer theory, 
there has been a continuing search for 
alternative specifications and functional 
forms. Many models have been proposed, 
but perhaps the most important in current 
use, apart from the original linear expendi- 
ture system, are the Rotterdam model (see 
Henri Theil, 1965, 1976; Anton Barten) and 
the translog model (see Laurits Christensen, 
Dale Jorgenson, and Lawrence Lau; Jorgen- 
son and Lau). Both of these models have 
been extensively estimated and have, in 
addition, been used to test the homogeneity 
and symmetry restrictions of demand the- 
ory. In this paper, we propose and estimate 
a new model which is of comparable gener- 
ality to the Rotterdam and translog models 
but which has considerable advantages over 
both. Our model, which we call the Almost 
Ideal Demand System (AIDS), gives an ar- 
bitrary first-order approximation to any de- 
mand system; it satisfies the axioms of 
choice exactly; it aggregates perfectly over 
consumers without invoking parallel linear 
Engel curves; it has a functional form which 
is consistent with known household-budget 
data; it is simple to estimate, largely avoid- 
ing the need for non-linear estimation; and 
it can be used to test the restrictions of 
homogeneity and symmetry through linear 
restrictions on fixed parameters. Although 
many of these desirable properties are 
possessed by one or other of the Rotterdam 
or translog models, neither possesses all of 
them simultaneously. 

In Section I of the paper, we discuss the 
theoretical specification of the AIDS and 
justify the claims in the previous paragraph. 


*University of Bristol, and Birkbeck College, London, 
respectively. We are grateful to David Mitchell for help 
with the’ calculations and to Anton Barten, David 
He ndry, Claus Leser, Louis Phlips, and a referee for 
helpful comments on an earlier version. 
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In Section II, the model is estimated on 
postwar British data and we use our results 
to test the homogeneity and symmetry re- 
strictions. Our results are consistent with 
earlier findings in that both sets of restric- 
tions are decisively rejected. We also find 
that imposition of homogeneity generates 
positive serial correlation in the errors of 
those equations which reject the restrictions 
most strongly; this suggests that the now 
standard rejection of homogeneity in de- 
mand analysis may be due to insufficient 
attention to the dynamic aspects of con- 
sumer behavior. Finally, in Section III, we 
offer a summary and conclusions. We be- 
lieve that the results of this paper suggest 
that the AIDS is to be recommended as a 
vehicle for testing, extending, and improving 
conventional demand analysis. This does 


‘not imply that the system, particularly in its 


simple static form, is to be regarded as a 
fully satisfactory explanation of consumers’ 
behavior. Indeed, by proposing a demand 
system which is superior to its predecessors, 
we hope to be able to reveal more clearly 
the problems and potential solutions asso- 
ciated with the usual approach. 


I, Specification of the AIDS 


In much of the recent literature on sys- 
tems of demand equations, the starting 
point has been the specification of a func- 
tion which is general enough to act as a 
second-order approximation to any arbi- 
trary direct or indirect utility function or, 
more rarely, a cost function. For examples, 
see Christensen, Jorgenson, and Lau; W. 
Erwin Diewert (1971); or Ernst Berndt, 
Masako Darrough, and Diewert. Alterna- 
tively, it is possible to use a first-order 
approximation to the demand functions 
themselves as in the Rotterdam model, see 
Theil (1965, 1976); Barten. We shall follow 
these approaches in terms of generality but 
we start, not from some arbitrary preference 
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ordering, but from a specific class of prefer- 
ences, which by the theorems of Muellbauer 
(1975, 1976) pérmit exact aggregation over 
consumers: the representation of market de- 
mands as if they were the outcome of deci- 
sions by a rational representative consumer. 
These preferences, known as the PIGLOG 
class, are represented via the cost or expendi- 
ture function which defines the minimum 
expenditure necessary to attain a specific 
utility level at given prices. We denote this 
function c(u,p) for utility u and price vector 
p, and define the PIGLOG class by 


(1) 
log c(u,p) =(1— u)log{ a(p)} + ulog{b(p)}. 


With some exceptions (see the Appendix), u 
lies between 0 (subsistence) and 1 (bliss) so 
that the positive linearly homogeneous func- 
tions a(p) and b(p) can be regarded as the 
costs of subsistence and bliss, respectively. 
The Appendix further discusses this general 
model as well as the implications of the 
underlying aggregation theory. 

Next we take specific functional forms for 
loga(p) and log b(p). For the resulting cost 
function to be a flexible functional form, it 
must possess enough parameters so that at 
any single point its derivatives dc/ OP, 
de/du, 0*c/dp,dp,, 9*c/dudp,, and 97c/du* 
can be set equal to those of an arbitrary cost 
function. We take 


(2) loga(p)=a)+ 2 a, log Py 
1 
+> > > vg logp, logp, 
Aey 


(3) log6(p)= log a(p) + Boll pe 


so that the AJDS cost function is written 


(4) logc(u,p)=a)+ >) a, logp, 
k 


1 
+3 È È v logp,logp + upo ll ph 


where a; P; and yf are parameters. It can 
easily be checked that c(u,p) is linearly ho- 
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mogeneous in p (as it must be to be a valid 
representation of preferences) provided that 
2a= l, 2 yé= 2Y = 2p =0. It is also 
straightforward to check that (4) has enough 
parameters for it to be a flexible functional 
form provided it is borne in mind that, since 
utility is ordinal, we can always choose 
a normalization such that, at a point, 

3? loge /du?=0. The choice of the functions 
a(p) and b(p) in (2) and (3) is governed 
partly by the need for a flexible functional 
form. However, the main justification is that 
this particular choice leads to a system of 
demand functions with the desirable proper- 
ties which we demonstrate below. 

The demand functions can be derived di- 
rectly from equation (4). It is a fundamental 
property of the cost function (see Ronald 
Shephard, 1953, 1970, or Diewert’s 1974 
survey paper) that its price derivatives are 
the quantities demanded: dc(u,p)/dp, = q; 
Multiplying both sides by p,/c(u,p) we find 


(5) dlogc(u,p) _ Piti 
dlogp, (up) 


i 


= where w, is the- budget share of good i. 


Hence, logarithmic differentiation of (4) 
gives the budget shares as a function of 
prices and utility: 


(6) w=o,+ > yylogp, + Bubo ll pf 
J 
where 


1 
(7) ny=z ty) 


For a utility-maximizing consumer, total 
expenditure x is equal to c(u,p) and this 
equality can be inverted to give u as a 
function of p and x, the indirect utility 
function. If we do this for (4) and substitute 
the result into (6) we have the budget shares 
as a function of p and x; these are the AIDS 
demand functions in budget share form: 


(8) w=a,+ 2 Y¥ylogp; + B,log{x/P} 
j 
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where P is a price index defined by 


(9) logP = ag + > a, log Py 
k 


1 
+5 > 2 Yylogp,logp; 
7 ep ies 


The restrictions on the parameters of (4) 
plus equation (7) imply restrictions on the 
parameters of the AJDS equation (8). We 
take these in three sets 


n n n 
(10) 2 a, = l 2 Yy=0 > =0 
(11) 2 ¥y=0 
J 


(12) Yy = Yj 


Provided (10), (11), and (12) hold, equation 
(8) represents a system of demand functions 
which add up to total expenditure (È w; = 1), 
are homogeneous of degree zero in prices 
and total expenditure taken together, 
and which satisfy Slutsky symmetry. Given 
these, the AIDS is simply interpreted: in the 
absence of changes in relative prices and 
“real” expenditure (x/P) the budget shares 
are constant and this is the natural starting 
point for predictions using the model. 
Changes in relative prices work through the 
terms y,; each y; represents 107 times the 
effect on the ith budget share of a 1 percent 
increase in the jth price with (x/P) held 
constant. Changes in real expenditure oper- 
ate through the 8; coefficients; these add to 
zero and are positive for luxuries and nega- 
tive for necessities. Further interpretation is 
best done in terms of the claims made in the 
introduction. 


A. Aggregation Over Households 


The aggregation theory developed in 
Muellbauer (1975, 1976, of which the main 
relevant points are summarized in the Ap- 
pendix) implies that exact aggregation is 


possible if, for an individual household A,. 


behavior is described by the generalization 
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. of (8): 


(8) wy, =a,+ È yylogp; + B;log{x,/k,P } 
J 


The parameters k, can be interpreted as a 
sophisticated measure of household size 
which, in principle, could take account of 
age composition, other household character- 
istics, and economies of household size; and 
which is used to deflate the budget x, to 
bring it to a “needs corrected” per capita 
level. This allows a limited amount of taste 
variation across households. The share of 
aggregate expenditure on good i in the 
aggregate budget of all households, denoted 
W, is given by 


Epitaf > %,= > awa / È X, 
which, when applied to (8’) gives 


(8) w=a;+ È y;logp,— B; log P 
J 


+B, 2 Xa log(x4/ky)/ x} 
Define the aggregate index k by 
(13) log(%/) = E x, loa x4/hs)/S x 


where x is the average level of total expendi- 
ture x,. Hence (8”) becomes 


(8) W=a,+ > y,logp, + B,log(x/kP) 
j 


This is identical in form to (8’) and this 
confirms that under these assumptions ag- 
gregate budget shares correspond to the de- 
cisions of a rational representative house- 
hold whose preferences are given by the 
AIDS cost function (4) and whose budget is 
given by x/k, the “representative budget 
level.” 

The index k has an interesting interpreta- 
tion. If each household had the same tastes 
(k, =1, all A), k would be an index of the 
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equality of the distribution of household 
budgets. In fact, this index is identical to 
Theil’s (1972) entropy measure of equality Z 
deflated by the number of households H, 
where log Z= —2(x,/X)log(x,/X) and X 
is the aggregate budget; Z reaches its maxi- 
mum. level of H when there is perfect equal- 
ity so that x, = x, all h. Therefore as inequal- 
ity increases, k= Z/H decreases and the 
representative budget level increases. When 
k, differs across households, for example, 
because of differences in household com- 
position, the index k reflects not only the 
distribution of budgets but the demographic 
structure. Ideally, one might attempt to 
model the variation of k, with household 
characteristics in a cross-section study and, 
given time-series data on the joint distribu- 
tion of household budgets and characteris- 
tics, construct a series for k for use in fitting 
(87). Data limitations have prevented us 
from carrying out this proposal in the em- 
pirical application below. To the extent that 
k is constant or uncorrelated with x or p, no 
omitted variable bias arises from our proce- 
dure of omitting k and redefining a* =a; — 
B, logk* where k* is the constant or sample 
mean value of k. 

When the distribution of household bud- 
gets and household characteristics is invar- 
iant except for equiproportional changes in 
household budgets, A is constant. In this 
case there is considerable extra scope for 
taste variations in the individual demand 
functions without altering the validity of 
the representative consumer hypothesis em- 
bodied in (8). Indeed, it turns out that not 
only ap, all i, but also y,,, all i,j, can differ 
over households. The a, and y; parameters 
in (8’’) are then weighted averages of the 
micro parameters. 


B. Generality of the Model 


The flexible functional form property of 
the AIDS cost function implies that the 
demand functions derived from it are first- 
order approximations to any set of demand 
functions derived from utility-maximizing 
behavior. The AIDS is thus as general as 
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other flexible forms such as the translog or 
the Rotterdam models. However, if maxi- 
mizing behavior is not assumed but it is 
simply held that demands are continuous 
functions of the budget and of prices, then 
the AIDS demand functions (8) (without 
the restrictions (11) and (12)) can still pro- 
vide a first-order approximation. In general, 
without maximizing assumptions, we can 
think of the budget shares w, as being un- 
known functions of logp and logx. From 
(8) and (9), the AIDS has derivatives 
dw, /dlog x = B, and dw,/dlogp, = Yy ~ Ba, 
BY, logp, so that, at any point, £ and 
y can be chosen so that the derivatives of 
the AIDS will be identical to those of any 
true model. Given that the a parameters act 
as intercepts, the AIDS can thus provide a 
local first-order approximation to any true 
demand system, whether derived from the 
theory of choice or not. This property is 
important since it means that tests of homo- 
geneity of symmetry are set within a main- 
tained hypothesis which makes sense and 
would be widely accepted in its own right. 

Generality is not without its problems, 
however. There is a large number of param- 
eters in (18) and on most data sets these are 
unlikely to be all well determined. It is thus 
important that there should exist some 
straightforward procedure for eliminating 
unnecessary parameters without untoward 
consequences for the properties of the 
model. In the AJDS, this can be done by 
placing whatever restrictions on y; parame- 
ters are thought to be empirically or theor- 
etically plausible. As we shall see below, in 
many cases it will be possible to impose 
these restrictions on a single equation basis. 
One obvious restriction is that for some 
pairs (i,j), Yy should be zero; for such pairs 
the budget share of each is independent of 
the price of the other if (x/P) is held con- 
stant. It can be shown that y, has approxi- 
mately the same sign as the compensated 
cross-price elasticity and this is also useful 
in suggesting prior restrictions. We should 
not however expect ali the y,s to be zero; 
the resulting model, w,=a,+ B,log(x/P) is 
extremely restrictive and has been tested 
and rejected by Deaton (1978). 
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C. Restrictions 


If we start from equations (8) and (9) as 
our maintained hypothesis, we can examine 
the effects of the restrictions (10)—(12) 
which are required to make the model con- 
sistent with the theory of demand. The con- 
ditions (10) are the adding-up restrictions; as 
can easily be checked from (8), these ensure 
that Sw,=1. Homogeneity of the demand 
functions requires restriction (11) which can 
be tested equation by equation. Slutsky sym- 
metry is satisfied by (8) if and only if the 
symmetry restriction (12) holds. As is true of 
other flexible functional forms, negativity 
cannot be ensured by any restrictions on 
the parameters alone. It can however be 
checked for any given estimates by calculat- 
ing the eigenvalues of the Slutsky matrix s, 
say. In practice, it is easier to use not s, but 
k;, = p,p;5;/x, the eigenvalues of which have 
the same signs as those of s, and which are 
given by 


x 
(14) k; = y+ BB; log — w,6,, + w,W; 


where 6, is the Kronecker delta. Note that 
apart from this negativity condition, all the 
restrictions are expressible as linear con- 
straints involving only the parameters and 
so can be imposed globally by standard 
techniques. 


D. Estimation 


_ In general, estimation can be carried out 
by substituting (9) in (8) to give 


(15) w=(a;— Bao) + 2 Yi logp, + a, log x 
j 


1 
— > a, logp,— = Dd D Yy l0gp, logp; 
k 2% 5 


and estimating this non-linear system of 
equations by maximum likelihood or other 
methods with and without the restrictions 
(11) and (12). (Note that since the data add 
up by construction, (10) is not testable.) 
Equation (15) is not particularly difficult to 
estimate since the first-order conditions for 
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likelihood maximization are linear in a and 
y given 8 and vice versa so that “concentra- 
tion” allows iteration on a subset of the 
parameters (see for example, Deaton, 1975, 
pp. 46-49). Although all the parameters in 
(15) are identified given sufficient variation 
in the independent variables, in many exam- 
ples the practical identification of a, is 
likely to be problematical. This parameter is 
only identified from the as in (15) by the 
presence of these latter inside the term in 
braces, originally in the formula for log P, 
equation (9). However, in situations where 
individual prices are closely collinear, log P 
is unlikely to be very sensitive to its weights 
so that changes in the intercept term in (15) 
due to variations in a) can be offset in the 
as with minimal effect on log P. This can be 
overcome in practice by assigning a value to 
Qo a priori. Since the parameter can be inter- 
preted as the outlay required for a minimal 
standard of living when prices are unity 
(usually in the base year; see the Appendix), 
choosing a plausible value is not difficult. 

However, in many situations, it is possible 
to exploit the collinearity of the prices to 
yield a much simpler estimation technique. 
Note from (8) that if P were known, the 
model would be linear in the parameters a, 
B, and y, and estimation (at least without 
cross-equation restrictions such as symme- 
try) can be done equation by equation by 
OLS which, in this case and given normally 
distributed errors, is equivalent to maximum 
likelihood estimation for the system as a 
whole. The adding-up constraints (10) will 
be automatically satisfied by these esti- 
mates. In situations where prices are closely 
collinear, it may well be adequate to ap- 
proximate P as proportional to some known 
index P*, say. One obvious candidate in 
view of (8) and (9) is Stone’s (1953) index 
log P*= Zw, logp,. If P=oP* say, then (8) 
can be estimated as 


(16) 
x 
w= (a;— 8, log >) + 2 Yylogp; + B;log( + | 
J 
Note that in this framework the a; parame- 


ters are identified only up to a scalar multi- 
ple of B,; if we write a*=a,— B,log4, it is 
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easily seen that Xar =0 is still required for 
adding up, since > 8, =0. 

In the empirical results below we shall 
estimate both (15) and (16), and show that 
the latter is an excellent approximation to 
the former. However, it must be emphasized 
that (16) exists only as an approxima- 
tion to (15) and will only be accurate in 
specific circumstances, albeit widely occur- 
ring ones in time-series estimation. Note 
finally that if single equation estimation is 
used to investigate likely restrictions 
amongst the y parameters, as is suggested in 
Part B above, the constrained OLS estimates 
will no longer automatically be maximum 
likelihood, efficient, or satisfy adding up. 
Hence, once the restrictions have been 
selected, (15) should be used to reestimate 
the whole system. 


E. Relationship with Budget Studies and 

with the Rotterdam Model 

The Engel curves corresponding to (8) 
take the form p.g,=&x+B,xlogx for ap- 
propriate functions of prices £. These are 
clearly not linear except in the proportional 
case when £,=0. The model thus allows a 
possible reconciliation between time-series 
models, which have to date required linear- 
ity of Engel curves for aggregation with 
cross-section results, which typically find 
evidence of nonlinearity. Indeed, the PIG- 
LOG Engel curve w, =£, + 6,logx was used 
as early as 1943 by Holbrook Working and 
has recently been recommended by Claus 
Leser (1963, 1976) as providing an excellent 
fit to cross-section data in a wide range of 
circumstances. 

In the time-series context, the AIDS has a 
close relationship to the Rotterdam model 
of Theil (1965, 1976) and Barten. The first 
difference form of (8) is 


x 
(17) Aw,=BA log( =) + > vAlogp, 
J 


which no longer involves the œ parameters 
except through Alog P. This dependence can 
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be seen by writing (17) in full, 1.e., 


(18) Aw, = B,{ Alog x- > «,Alogp,, 
k 


| 
-15 5 vyAliogp, wsp,)} + È yyAlogp, 
k j J 


Again, all the parameters (except a ) are 
theoretically identified, but in practice the 
substitutability between y,s and f,a;s in fit- 
ting (18) if prices are nearly collinear means 
that, in such cases, the only practical way of 
estimating (17) is to replace Alog P by some 
index, for example, A(È w, logp,) as before 
or by its approximation 2w,Alogp,. In the 
latter case, the right-hand side of (17) be- 
comes identical to the right-hand side of the 
Rotterdam model which is 


(19) w,Alogq,=b,{Alogx —Zw,Alog p, } 
+> c,Alog p, 
J 


The dependent variable is different in the 
AIDS; instead of w,Alogg, we have Aw, or 
w;Alogw,. Thus, by replacing the dependent 
variable w,Alogg; in the Rotterdam model 
by w,Alogw,, an addition of w,Alog(p,/x), 
we generate the first-difference form of the 
AIDS. The similarity between the two mod- 
els is quite striking in this form; both are 
effectively linear and both can be used to 
test homogeneity and symmetry with only 
linear restrictions on constant parameters. 
Note however that the parameters have 
quite different interpretations in the two 
models so that, for example, the negativity 
condition applies directly to the matrix of 
price effects in the Rotterdam model which 
is not the case for the AIDS. The crucial 
difference between the two models is that 
(17), unlike (19), is derived from explicit 
demand functions, (8), and an explicit char- 
acterization of preferences, (4). For the pre- 
diction of demand. this difference may not 
be vitally important, but in many other con- 
texts, for example in calculating cost-of- 
living indices, household equivalence scales, 
or optimal tax rates, the ability to link 
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estimated parameter values to preferences 
themselves becomes of great significance. 


II. An Application to Postwar British Data 


In this section we estimate the model 
using annual British data from 1954 to 1974 
inclusive on eight nondurable groups of 
consumers’ expenditure, namely, food, 
clothing, housing services, fuel, drink and 
tobacco, transport and communication 
services, other goods, and other services. As 
discussed in Section I, Part A above, if we 
assume that the index k in (8’”) is either 
constant or that its deviations are indepen- 
dently distributed from those of the average 
budget x and of prices, no biases result from 
its omission. In particular, we allow the in- 
tercepts in (8) to absorb the — Blogk 
terms. We then proceed by first following 
the strategy outlined in Section I, Part D, 
setting log P*= Sw, logp, for each year and 
estimating equation (16) for each good sep- 
arately by OLS. The system is then reesti- 
mated, equation by equation, and again 
using P*, in order to test the homogeneity 
condition. Equation (11) is imposed by sub- 
stitution so that instead of (16), we estimate 


en ee eee 
(20) W,=as+ > y,log + 8; log P* 


At this stage, F-ratios are calculated equa- 
tion by equation to test the validity of the 
restriction. 

The next stage is to impose symmetry of 
y, at this point replacing P* by the “correct” 
price index (9) with ag set to some ap- 
propriate value. Since symmetry, unlike 
homogeneity or the unrestricted model, 
involves cross-equation restrictions, the vari- 
ance-covariance matrix of the residuals for 
the first time plays a part in the estimation. 
Since this is unknown a priori, normal prac- 
tice would be to replace it by its maximum 
likelihood estimate. However, with only 
twenty-one observations, this is not practi- 
cable for equation (15) since, with so many 
parameters in each equation, the likelihood 
can be made arbitrarily large by making any 
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one equation fit perfectly.’ This difficulty 
can only be resolved by assuming a particu- 
lar structure for the variance-covariance 
matrix of the residuals. Following Deaton 
(1975, p. 39), we assume V=o07(I— ii’), 
where V is the variance-covariance matrix 
of the residuals, o? is a (positive) parameter 
to be estimated, J is an n Xn identity matrix 
and i is a vector each of the elements of 
which is (ny '/*. In this case, maximum-like- 
lihood estimation reduces to least squares so 
that instead of minimizing the determinant 
of the matrix of residual cross products, we 
minimize its trace. The likelihood values 
quoted below are calculated on this assump- 
tion. Once again, maximum use is made of 
substitution in the estimation so that, under 
symmetry, (15) is estimated using only the 
fourteen independent a*s and fs and the 
twenty-eight parameters forming the upper 
right-hand triangle of y with its final row 
and column deleted. We now check that P* 
and P are sufficiently close to allow com- 
parison of likelihoods both by direct evalua-. 
tion of both indices and by reestimation of 
the unrestricted and homogeneous models 
using P as evaluated from the symmetric 
estimates. It is also possible to check con- 
cavity at this stage by using the symmetric 
parameter estimates to calculate the eigen- 
values of the matrix in (14). Finally, the 
whole process is repeated with the model 
written in first differences, that is, equation 
(17) with the addition of intercepts. Collin- 
earity prevented any successful attempt to 
link P to the parameter estimates in these 
regressions; instead, the value of P calcu- 
lated from the symmetric estimation in 
levels was used throughout. 

Note that we choose to test symmetry 
whether or not homogeneity is rejected. This 
procedure has been criticized by Grayham 
Mizon who suggests that optimal inference 
requires that further testing be abandoned 
as soon as a.rejection is encountered. 
Mizon’s criticism would be correct if we 
were certain of our maintained hypothesis, 
but to some extent this is a matter of choice. 
Many economists would choose not to test 


'We are grateful to Teun Kloek for pointing this out 
to us. 
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TABLE 1-—THE UNCONSTRAINED PARAMETER ESTIMATES AND TESTS OF HOMOGENEITY 
(t-Values in Parentheses) 





SEE. 
Commodity i ay B: Yn Yn Y3 Yis Yis Yis Ya Yis Zy (07%) R? DW. 
4 

Food 1.221 -0160 0.186 ~-0.077 —0.013 —0.020 --0.058 0.032 0.018 -0.098 —0.033 .113 0.999 2.33 
(74) (-6.1) (9.8) (—43) (-08) (-1.2) (-62) (13) (7) (—42) (—44) 180 0.998 1.74 

Clothing — 0.482 0.091 0.033 0.016 -0.024 —0.026 -0.029 0.014 0.033 ~-0,049 —0.032 .106 0.984 2.29 
(-31) G7 (18) (10) (-16 (-15) (-33) ©6 (1.6) (~22) (-4.5) .171 0955 1.55 

Housing 0.793 ~0.104 —0.082 -0.9 0.088 0.9 9.033 —0.055 —0.030 0.098 0.05: .086 0,999 1.89 
(6.3) (—5.1) (-56) (~0.7) GD) OD (4.7) (-29) (-18) (5.5) (9.1) 241 0.992 1.29 

Fuel — 9.159 0.033 -—0.042- 0.910 —0.011 0.037 ~0.004 0.022 0.007 ~0.031 —0.019 .140 0.883 2.25 
l (-0.8) aQ (-18) ©4) (-05) (1.6 (-03) @7 O3) (-1L1) (-11) .141 0.870 203 

Drink and —0.043 0.028 — 0.043 0.034 —0.027 -0.020 0.056 0.005 —0018 0.014 0.001 099 0969 2.96 
Tobacco (-03) (1.2) (-26 (22) (-19) (-12) (9) OB (-09) (0.7) ©.0) .095 0969 2.93 
Transport and —0.06] 0.029 —0.022 ~0.012 — 0.002 0.011 0.060 —0.023 —0,024 0.053 0.040 047 1.000 2.24 
Communication (—0.9) (2.6). (2) (~1.6) (-03) (1.4) (15.2) (-22) (—26) (5.3) (13.1) .184 0992 1.36 
Other Goods —0.038 0,022 0.001 —0.003 —0.001 -0.006 ~-0,030 0.007 0.032 ~—0.006 —0.005 .108 0885 1.92 
(-0.2) ©.9) (0.0) (~02) (-00) (-03) (—34) (0.3) (1.5) (~02) (0.7) .106 0880 1.91 

Other Services — 0.231 0.060 —0.032 0.041 —0.011 0.014 . -0.028 —0.003 —0.015 0.019 —0.014 .107 0.843 2.27 
(-1.5) (24) (-18) (24) (-07) (08) (—3.1) (0.1) (-07 (0.9 (—2.0) .119 0.788 1.98 


homogeneity, treating absence of money 
illusion as a maintained hypothesis; the test 
of symmetry would then be the ‘interesting 
one. Even if the maintained hypothesis 
turns out to be false, tests based on it are 
not necessarily without interest. Few if any 
tests in econometrics are carried out within 
the framework of maintained hypotheses 
which are even widely accepted, let alone of 
unchallengeable validity. 

Table 1 reports the first-stage estimates of 
(16) using P* and without any constraints 
on the parameters save (10) which are auto- 
matically and costlessly satisfied. The esti- 
mates of 8 classify food and housing 
as necessities while the other goods are 
luxuries. A large number of y coefficients 
are significantly different from zero; twenty- 
two out of sixty-four have ¢-values ab- 
solutely larger than 2. Even so, none of the 
variables considered have any detectable 
effect on the value share for fuel and very 
few have influence in the other goods 
or other services equations. Similarly, the 
prices of fuel, of transport and communica- 
tion, and of other services have little or no 
effect anywhere (except, of course, through 
P* and the value share itself), while the 
prices of food, drink and tobacco, and of 
other services appear with considerable reg- 
ularity. The total expenditure and own-price 
elasticities are shown in the first two col- 


umns of Table 2 and, although food has an 
(insignificant) positive price elasticity, these 
numbers appear both credible and in line 
with other studies. Note the general price 
inelasticity of demand; only transport and 
communication appear to be price elastic. 
Table 1 also shows, in the column headed 
Z&Y; the row sums of the unconstrained y; 
matrix; this number shows 10? times the 
absolute effect on each value share of a 1 
percent increase in all prices and total ex- 
penditure. Under homogeneity, this should 
be zero and the bracketed numbers given 
are t-tests of the significance of the devia- 
tion from zero. These numbers are, of 
course, identical to the square roots of the 
F-ratios obtained by comparing the residual 
sums of squares of equations (16) and (20). 
Hence, a proportional increase in prices and 
expenditure will decrease expenditure on 
food and on clothing, and increase expendi- 
ture on housing and transport and com- 
munication. These are also the commodities 
for which the elasticities suffer the largest 
changes between columns 1 and 2 and col- 
umns 3 and 4 of Table 2. Other deviations 
from homogeneity appear not to be signifi- 
cant. The final columns of Table 1 give 
equations standard errors, the R* and 
Durbin-Watson (D.W.) statistics for free 
and restricted estimation. Note that for the 
four commodity groups where homogeneity 
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TABLE 2— TOTAL EXPENDITURE AND OWN-PRICE ELASTICITES 
Levels Model First-Differences Model 

Unconstrained Homogeneous Unconstrained Homogeneous 

ê; €j; ê; Cy €: Eii ê €; 
Food 0.21 0.07 0.04 — 0.01 0.04 0.22 0.17 —0.00 
Clothing 2.00 —0.92 1.51 — 0.48 2.83 — 0,94 2.92 —0.94 
Housing 0.30 . —0.31 0.79 —0.16 0.04 —0.31 ~ 0.02 —0.30 
Fuel 1.67 — 0.28 1.37 0.10 1.00 0.00 0.86 —0.08 
Drink and Tobacco 1,22 — 0.60 1,22 — 0.62 137.  —0.67 1.36 —0.68 
Transport and 

Communication 1.23 —1.21 1.73 — 0.92 1.14 -1.23 1.05 —1.17 

Other goods 1.21 —0.72 1.15 —0.77 2.03 — 0,52 1,92 —0.47 
Other services 1.40 — 0.93 1.28 — 0.78 1.03 —0.78 1.06 —0.74 


is rejected, the D. W. statistic shows a sharp 
fall in each case. 

The failure of homogeneity is not a new 
result (see, for example, Barten; Ray Byron; 
Deaton, 1974a), and can be ascribed to a 
number of possible causes. However, as far 
as we are aware, the introduction of serial 
correlation through the imposition of homo- 
geneity is a result which has not been previ- 
ously remarked, although it may have been 
implicit in earlier work. There are a num- 
ber of plausible explanations for this phe- 
nomenon. For example, expenditure on 
several items may be relatively inflexible in 
the short run; housing is the obvious case 
here. The explanation of such items may 
require other variables such as stocks, 
lagged dependent variables, or time trends 
which can perhaps be proxied by the ab- 
solute price level. The omission of such vari- 
ables will thus lead to a rejection of homo- 
geneity associated with an introduction of 
serial correlation in the residuals of the re- 
stricted equations. In principle one could 
easily include such conditioning variables in 
the AIDS cost function, for example by 
allowing the as to vary linearly with them, 
and this is likely to be an important topic 
for future research. A second explanation is 
the omission of price expectations—the 
argument advanced by Deaton (1977a) 
would suggest that factors such as the 
frequency of purchase for different goods 
will be relevant in assessing the response of 
expenditures to changes in price, especially 
when there is rapid relative or absolute price 
change. A third possibility, suggested by the 


discussion of aggregation in Section I, Part 
A above, is that it may be incorrect to 
assume that k, the index reflecting the dis- 
tribution of household budgets and demo- 
graphic structure, is independent of the 
average budget and the price vector. 
Finally, the assumption of weak intertempo- 
ral separability of nondurable goods in the 
intertemporal utility function, which is 
required: to justify the conventional static 
utility-maximizing model, may be inap- 
propriate. It is not difficult to construct 
other models which produce the result and 
without extensive further empirical work it 
is extremely difficult to discriminate be- 
tween them. . 

In moving to the symmetric estimates (not 
reported here), in which P* is replaced by P, 
we must first check the closeness of the 
approximation. Table 3 reproduces the two 
series, P* =exp{>w, logp,} and P scaled to 
be unity in the base year, i.e., exp{Z a, logp, 
+322 yy logp, logp,} evaluated at the sym- 
metric parameter estimates. Both series are 
based on unity in 1970. Clearly the dif- 
ferences are small; the absolute magnitude 
of the difference is never greater than .008. 

The reestimation of the unconstrained 
and homogeneous models using P rather 
than P* confirmed the empirical unimpcr- 
tance of the difference. Both sets of likeli- 
hoods are given in Table 4. It must be 
reemphasized that these findings are condi- 
tional on the kind of relative price move- 
ments that took place in our sample. How- 
ever, even if relative price changes had been 
greater, the results suggest that the proce- 
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TABLE 3— COMPARISON OF PRICE INDICES 
P* P P* P P* P 
1954 0.566 0.571 1961 0.684 0.686 1968 0.894 0.888 
1955 0.587 0.595 1962 0.712 0.715 1969 0.946 0.944 
1956 0.611 0.617 1963 0.729 0.730 1970 1.000 1.000 
1957 0.631 0,636 1964 0.754 0.758 1971 l 1.084 1.084 
1958 0.648 0.653 1965 0.793 0.797 1972 1.161 1.161 
1959 0.655 0.661 1966 0.827 0.830 1973 1.271 1.279 
1960 0.663 0.666 1967 0.851 0.852 1974 1.465 1.461 
TABLE 4—COMPARATIVE VALUES OF 2 LOG LIKELIHOOD 
Levels First Differences . 
Using P* Using P Using P* Using P 
Unrestricted 1722.5 1723.8 1560.0 1560.3 
Homogeneous 1579.6 1585.1(7) 1546.6 1547.9(7) 
Symmetric — 1491.0(21) — 1508.8 (21) 


Note: Number of restrictions in parentheses. Numbers can only be compared within 


columns, not between levels and first differences. 


dure of starting with P*, calculating OLS 
regressions, computing a new P, and repeat- 
ing will be a computationally efficient way 
of obtaining good estimates of the full non- 
linear system. 

Symmetry, unlike homogeneity, cannot be 
tested on an equation-by-equation basis and 
we must rely on.a large-sample likelihood- 
ratio test for the system as a whole. For 
comparison, twice the logarithm of the like- 
lihood is 1722.5 for the unconstrained sys- 
tem, 1579.6 for the homogeneous model (a 
fall which reflects the individual restrictions) 
and this falls further to 1491.0 under sym- 
metry. Since symmetry embodies twenty- 
one constraints over and above the seven of 
homogeneity, the restriction is rejected on 
an asymptotically valid x?-test whether or 
not the maintained hypothesis is taken to 
contain homogeneity. Once again, this is 
consistent with earlier results although rejec- 
tion of symmetry given homogeneity is not 
always clear-cut in the studies cited above. 
The interpretation of the rejection is not 
clear without some convincing explanation 
of the lack of homogeneity. Without this, it 
is impossible to know whether or not we 
should expect symmetry to hold. For exam- 


ple, it is possible to introduce habits into 
demand functions so that, if they are 
allowed for, symmetry can be expected to 
hold, while if ignored, symmetry will be 
destroyed. 

The full set of symmetric parameter 
estimates are not included here for reasons 
of space. The most interesting property of 
these, apart from symmetry, is in their im- 
plications for negativity. To assess this, the 
K matrix of equation (14) was evaluated for 
each year in the sample and its eigenvalues 
calculated. One of these is identically zero 
and, for concavity, the others should be 
negative. Contrary to this, we found one 
positive eigenvalue for the early part of the 
period, increasing to two by the end. The 
most obvious symptom of nonconcavity in 
the symmetric estimates was an estimated 
positive compensated own-price elasticity 
for fuel throughout the sample period. This 
may seem to be of limited importance given 
that the symmetric homogeneous model has 
already been rejected; if the cost function 
doesn’t exist, why worry about its concav- 
ity? However, for several reasons it would 
be extremely useful to have parameter 
estimates for a reasonably general concave 
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homogeneous cost function. For example, 
we frequently wish to calculate price and 
quantity index numbers or to use optimal 
taxation formulae to derive numerical val- 
ues for tax rates. All such calculations re- 
quire numerical estimates of cost functions 
and, if they are to make any sense at all, 
these cost functions must be both homoge- 
neous and concave. Consequently, in cases 
where empirical estimates of demand equa- 
tions have been used in applied welfare 
analysis, the linear expenditure system 
has invariably been used; see, for exam- 
ple, Anthony Atkinson and Joseph Stiglitz, 
Muelibauer (1974), or Deaton (1977b). With 
the linear expenditure system, the model is 
so restrictive that concavity of the cost func- 
tion is virtually guaranteed provided inferior 
goods do not appear. But this restrictiveness 
is also known to be empirically false (see, 
for example, Deaton, 1974b or 1978) so that 
it would be of considerable value to have 
estimates of a concave cost function which 
allowed considerably more substitution than 
does the linear expenditure system. Conse- 
quently, it will be of considerable interest in 
future work to attempt to restrict the param- 
eters further so that the estimated cost func- 
tion is concave. 

Finally, we turn to the estimation of the 
model in first-difference form. Here we use 
equation (17)-plus intercepts, i.e., 


QD Aw=n,+ Aloe 5) + E vad leery 


where the constants y, are introduced pri- 
marily for econometric reasons but, if sig- 
nificant, would imply time trends in the 
original model which expresses the variables 
in levels. The P is taken as in Table 3. In 
these regressions homogeneity is only re- 
jected for food and for transport and com- 
munication; clothing and housing, which 
rejected homogeneity in the earlier re- 
gressions, now yield insignificant F-ratios. 
Closer inspection reveals that for both these 
cases, the constant term 7,, which is insigni- 
ficant without constraints, becomes signifi- 
cant when homogeneity is imposed. Simi- 
larly, for transport and communication 1, 
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becomes significant when homogeneity is 
imposed, but in this case the F-ratio remains 
significant. This would support our earlier 
conjectures as to the possible role of time 
trends, stocks, or other omitted variables in 
explaining nonhomogeneity. Likewise, in 
Table 2 the expenditure elasticities from the 
first-difference model tend to be higher than 
the levels estimates when stock effects are 
likely to be important (clothing, other 
goods) and lower when one would expect 
short-run total expenditure effects to be 
limited (food, housing, transport). Other- 
wise, the first-difference parameter esti- 
mates, homogeneous or unconstrained, are 
rather close to the values originally ob- 
tained. As with levels, tests of concavity 
with the first-difference model revealed 
several violations. The likelihoods for the 
two models are summarized in Table 4; the 
fact that homogeneity cannot be rejected 
overall at the 5 percent level reflects the 
importance of the time trends in the hous- 
ing, clothing, and transport and communi- 
cation equations. Note too that in this case, 
from the last column of the table, symmetry 
is only just rejected given homogeneity. 
Hence, if we make some allowance for the 
asymptotic nature of the test, these final 
results would suggest that the introduction 
of (arbitrary) time trends removes much of 
the conflict between the data and the hy- 
pothesis of a representative consumer maxi- 
mizing a conventional static utility function. 


IH. Summary and Conclusions 


In this paper we have introduced a new 
system of demand equations, the AJDS, in 
which the budget shares of the various com- 
modities are linearly related to the loga- 
rithm of real total expenditure and the loga- 
rithms of relative prices. The model is 
shown to possess most of the properties 
usually thought desirable in conventional 
demand analysis, and to do so in a way not 
matched by any single competing system. 
Fitted to postwar British data, the AIDS is 
capable of explaining a high proportion of 
the variance of the commodity budget 


_ Shares but, unless allowance is made for 


omitted variables by the arbitrary use of 
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time trends, does so in a way which is 
inconsistent with the hypothesis of con- 
sumers making decisions according to the 
model’s demand functions governed by the 
conventional static budget constraint. These 
results suggest that influences other than 
current prices and current total expenditure 
must be systematically modelled if even the 
broad pattern of demand is to be explained 
in a theoretically coherent and empirically 
robust way. Whether these developments 
generalize the static framework by including 
stock effects, errors in price perceptions, or 
by going beyond the assumption of weak 
intertemporal separability on which the 
static model rests, we believe that the AIDS, 
with its simplicity of structure, generality, 
and conformity with the theory, offers a 
platform on which such developments can 
proceed. 


APPENDIX: AIDS IN THE CONTEXT 
OF AGGREGATION THEORY 


In Muellbauer (1975, 1976), a definition 
of the existence conditions for a representa- 
tive consumer is given which allows more 
general behavior than the parallel linear En- 
gel curves which are required if average 
demands are to be a function of the average 
budget. We know that in general, the 
average budget share 


W= È Pidin! 2 xX, = 2 “Win! 2 Xh 


is a function of prices and the complete 
distribution vector (X,,X>,...,X,). A repre- 
sentative consumer exists in Muellbauer’s 
sense if each w, can be written as a function 
of prices and the same single scalar xo, itself 
a function of prices and the distribution 
vector. This scalar, which can be thought of 


as marking a position in the distribution ` 


of xs, is the representative budget level. 
Muellbauer shows that for an x, to exist 
such that 


(Al) 


2 Xp,Win( Xp:P)/ UX, = w, { Xo(x Js +s XppP),P } 


the individual budget share equations must 
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have the “generalized linear” (GL) form: 
(A2) 
Win(XpsP) = Un(%pP)A(P) + Bip) + Cy (P) 


where v,, A;,B,, and Cp are functions satis- 
fying 2 ,4A,=2,C,,=2,C,,=0 and 2B,=1. 
Clearly, (Al) goes beyond the usual for- 
mulation of x9»=x, and, as we shall see 
below, allows us to incorporate into the 
demand functions features of the expendi- 
ture distribution other than the mean. 

Of particular interest is the case where x, 
is independent of prices, depending only on 
the individual xs. This occurs if, and only if, 
the v, function in (A2) restricts to 


(A3) 04 (Xpp)={1—(%,/k,) 7} 


where a is a constant and k,, although not a 
function of x,, and p is free to vary from 
household to household. In this case, the 
budget shares are said to have the “price-in- 
dependent generalized linear” form (PIGL). 
Note the special case of (A3) as a0, i.e., 


(A4) 0, (X;,.P) = log(x;,/ Kn) 


For obvious reasons, this is referred to as 
the PIGLOG case. By substituting (A3) in 
(A2), (A1) can be used to give an explicit 
form for Xp, VIZ., 


as) (Z(H) /2a} 


If we assume that individual behavior is 
preference consistent, the cost function cor- 
responding to PIGL takes the form 


(A6) {c(u,,p)/ k,}° 
= (1—u,){a(p)}"+u,{b(p)*} 


which as a tends to zero takes the PIGLOG 
form 


(A7) log{c(u,.p)/k,} 
=(1—u,)log{a(p)}+u,log{ b(p)} 


where a(p) and b(p) are linear homoge- 
neous concave functions, a is the constant 
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parameter of (A3), and (with some excep- 
tions discussed below) 0<u<1. The quan- 
tity k, can be used to allow for family 
composition effects within PJGL; for the 
standard or “reference” household. k, is 
unity. 

Since the AIDS is a member of the PIG- 
LOG family, and hence of PIGL, we can 
achieve maximum generality by discussing 
some of the important properties of this 
class. If, omitting the household subscript, 
we write q; for the quantity demanded of 
good i, then, by the derivative property of 
the cost function, g,=dc/dp, so that w,= 
P4,/x=<dloge/dlogp, Hence from (A6), 
taking k, =1, and differentiating 


on dloge 


(AB) act Sogn, 


= aa°a,(1 — u)+uab%b, 


where a,=dOloga/dlogp, and b,=dlogb/ 
dlogp,. Hence, substituting x for c, 


(A9)  w=(1 -u)(4)"a, + u( 2), 


where, from (A6), u=(x%—a*)/(b*—a%) 


or from (A7), u= (log x — log a)/(log b — 


loga). Similarly, when a =0, 


(A10) w,=(1—u)a,+ ub; 

Equations (A9) and (A10) have attractive 
interpretations. Cost c(u,p) is increasing in 
utility as long as b(p) is greater than 
a( p)—note that this does not depend on the 
sign of a—so that as u increases from 0 to 
1, c(u,p) increases from a(p) to b(p) with w, 
moving from a; to b;. Hence a total expendi- 
ture of a(p) can be thought of as “poverty” 
expenditure with associated expenditure 
pattern a, while b(p) is “affluence” ex- 
penditure with budget shares b. On this 
interpretation x= a(p) and x= b(p) are the 
equations of. the tangents to the poverty 
and affluence indifference curves, respec- 
tively, u=0 and u=1. From (A6) therefore, 
we see that the tangent to the indifference 
curve actually attained is the mean of order 
a of poverty and affluence tangents, the 
weights depending on the welfare level or 
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outlay of the household. This averaging is 
even more obvious in the value share equa- 
tions (A9) and (A10). Since (1—u)(a/x)* 
and u(b/x)* sum to unity, as do (1 — u) and 
u, these equations give the actual budget 
shares as weighted averages of a, and b.. 

Since the value shares of luxuries increase 
with total outlay and hence with u, we can 
characterize luxuries and necessities simply 
by whether b; is greater than or less than q. 
Inferior goods are not excluded under PIGL 
and it is straightforward to construct exam- 
ples from both (A9) and (A10). 

Note finally that there are restrictions on 
the possible set of x and p over which the 
cost function and the associated demands 
are valid. One set of restrictions is implied 
by the necessity that, for all i,0<w, <1. The 
upper bound is relevant when b,>a, and 
implies that u=(x* — a%)/(b% —a%)< 
min,[{1— a(a/x)"}/{(b/x)°b; — (a/x)°a;}}. 
The lower bound, relevant when 5b, <a, re- 
quires similarly that u=(x*— a*)/(b*—a*%) 
> max,{(a/x)%a,/ {(a/x)"a, — (b/ xb}. 
The second set of restrictions are those re- 
quired to ensure that the cost function is 
concave. From (A6), we can see that a 
sufficient condition for concavity of c(u,p) is 
that a(p) and b(p) be concave and that 
0<u< 1. However, this is by no means nec- 
essary. If b(p) is “more concave” than a(p), 
then c(u,p) is concave for u>0 and for a 
range of u>1. It can be shown that the 
PIGL cost function is concave for all x >0, 
p>O if and only if a = b; for all i, and a(p) 
and b(p) are concave. In this not very inter- 
esting case, preferences are homothetic. 

The practical application of the PIGL 
class requires selection of specific functional 
forms for the functions a(p) and b(p); those 
leading to the AIDS have been discussed in 
the text. However, the PJGL class is related 
to two other well-known models. Note first 
that if a=1, and k,=1, (A6) becomes the 
Gorman polar form. The PIGL class thus 
includes all models with linear Engel curves, 
for example, linear expenditure system, the 
quadratic utility function, as special cases. 
Perhaps less obviously, a weakly restricted 
form of the indirect translog is also PIG- 
LOG. From Jorgenson and Lau the translog 
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indirect utility function is 


(Ail) v=a,t+ > a, log =) 


x 
HERE aybe(®ea(2) 


where we can choose 2a;= — 1 and B,=8, 
as arbitrary normalizations. Write =,8,,= 
By; then if we impose the additional restric- 
tion that 2,8,;=0, (A11) solves explicity 
for logc(u,p) to 


(A12) logc(u,p) 
_ u— >>»? Py log p; log p, — 2a, log p;— ag 


1+ 2 Bagi !08 D; 


This is of the general form Jogc(u,p)= 
loga(p)+ u/logh(p) for appropriate choice 
of a(p) and A(p). Using log h(p)= 
1/log{b(p)/a(p)} to define b(p) and sub- 
stituting, we see that (A12) is identical to 
(A7). Hence, in this case (È ,8,,,=0) and in 
this case only, the indirect translog allows 
consistent aggregation. No such result holds 
for any interesting subcase of the direct 
translog. 
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A Structural Model of Murder Behavior and 
the Criminal Justice System. 


By STEPHEN A. HOEBNACK AND WILLIAM C. WEILER* 


A recent article by Isaac Ehrlich (1975a) 
in this Review presented support for the 
hypothesis that capital punishment deters 
individuals from committing murder. Be- 
cause of the elegant theory of deterrence 
underlying it and the close correspondence 
of the empirical estimates to the theoretical 
hypotheses, the article has been widely in- 
fluential. Since the public appears to take 
deterrence into account in determining the 
appropriateness of execution as a punish- 
ment for murder, the correctness of this 
study is of major significance. Perhaps for 
this reason, a large body of literature critical 
of Ehrlich’s study has been developed.! 
However, little attention has been given to 
the identification of his “murder supply 
function,” an equation representing the re- 
sponse of murder behavior to the punish- 
ments meted out by society.” By providing 
estimates of a murder supply function in the 
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and director, Management Information Division; and 
associate director, Management Information Division, 
University of Minnesota, respectively. We gratefully 
acknowledge the comments of Colleen T. Davidson, 
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Foster, Robert T. Kudrle, William S. Reece, Chris- 
topher S. Sims, Walter Vandaele, an anonymous ref- 
eree, and the managing editor on earlier drafts of this 
paper. Jeffrey A. Rivkin, Sharleen Goldberg, and Betsy 
A. Flaten provided valuable suggestions and research 
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IThe following list of critiques of Ehrlich’s work is 
incomplete as this literature is growing rapidly. See 
David Baldus and James: Cole; William Bowers and 
Glenn Pierce; Phillip Cook; Lee Friedman; Peter 
Passell and John Taylor. Published replies to Ehrlich’s 
critics appear in Ehrlich (1975b, 1977a), and Ehrlich 
and Joel Gibbons. 

2Brian Forst, Victor Filatov, and Lawrence R. 
Klein, and Franklin Fisher and Daniel Nagin have 
. discussed the identification of Ehrlich’s murder supply 
function, although they did not actually specify esti- 
mable equations for the criminal justice system or for 
society’s provision of resources to it. Comments on 
these analyses are found in Ehrlich and Randall Mark 
(1977). 
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context of a structural model in which the 
identification of each equation is examined, 
we suggest that his estimates of this function 
may actually represent the response of 
society’s punishments to murder behavior.” 
Identification is a property of a model 
based on the theory underlying it and is 
thus logically prior to estimation. However, 
Ehrlich appears to have treated identifica- 
tion as a property of his estimation tech- 
nique rather than of his model. In describ- 
ing an instrumental variable technique for 
estimating the murder supply function, he 
listed the variables against which he re- 
gressed each of the penalties taken as en- 
dogenous.’ The calculated values of the en- 
dogenous penalties from these regressions 
were substituted in the estimation of the 
murder supply function. This procedure was 
not based on specified equations represent- 
ing the response of society to homicides in 
the determination of penalties.” Without 


This study is based on a time-series sample and its 
results are comparable to those of Ehrlich’s time-series 
study (1975a). Ehrlich (1977b) has also performed a 
cross-section study which does not contain a full treat- 
ment of identification. We believe that it would be 
difficult to estimate an identified’ structural cross-sec- 
tion model with currently available data. 

4See Ehrlich’s note to Table 3 (1975a, p. 410). Identi- 
fication seems to be treated as a property of estimation 
in Ehrlich (1977b), in which he explains his inability to 
provide estimable equations other than the crime 
supply function as follows: “Due to data exigencies, 
the parameters of the supply functions are estimated 
via classical least squares and seemingly unrelated 
simultaneous equation techniques rather than the two- 
stage least squares procedures employed in my related 
works” (p. 749). 

>Other authors have explicitly specified equations 
for the response of society to nonmurder criminal be- 
havior, although empirical tests for the correctness of 
the overidentifying restrictions for each equation were 
not performed. These include cross-section analyses of 
state crime rates (Ehrlich, 1973), of crime rates in 
California counties (Llad Phillips and Harold Votey), 
and of crime rates by census tract in Rochester, New 
York (Richard Thaler). 
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such equations it was not possible to 
evaluate the. identification of the murder 
supply function based on the order condi- 
tion, nor could the reduced-form equations 
have been specified correctly. 

The specification of estimable equations 
of the response of society to homicide be- 
havior requires a theory of this response. In 
a section titled “Defense Against Murder” 
(1975a), Ehrlich discussed in general terms 
the rational behavior of enforcement agen- 
cies based on a posited social loss function. 
Yet this discussion did not provide a basis 
for explicitly specifying equations represent- 
ing the endogenous behavior of enforcement 
agencies that contributed to the causality 
underlying observed data on penalties and 
murders. Without leading to these equa- 
tions, his theoretical discussion of such 
issues as the social damage resulting from 


the deaths of victims, the costs of dealing . 


‘with and punishing offenders, the optimal 
rate of executions, and tradeoffs between 
conviction and execution rates, does not 
contribute to the identification of his mur- 
der supply function. 

Because the identification of a mider 
supply function requires an exact knowledge 
of each equation in the complete structural 
model, the present study provides a struc- 
tural model, originated by Hoenack, Robert 
Kudrle, and David Sjoquist (hereafter, H-K- 
S), that includes equations representing the 
response of society to murder behavior. 
While the murder supply function in this 
model is identified according to the order 
condition, the empirical hypothesis of the 
correctness of the zero restrictions on the 
coefficients of the predetermined variables 
excluded from it must be rejected. When 
respecified in a way which is justifiable on a 
priori grounds, and which leads the equa- 
tion to pass the empirical test, the murder 
supply function no longer supports the hy- 
potheses that execution and conviction risks 
deter murderers. We present empirical sup- 
port for an alternative interpretation that 
the response of society to murder behavior, 
not murder behavior itself, causally gener- 
ated the apparent support for these hypothe- 
ses in Ehrlich’s murder supply function. 
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Section I describes the structural model 
and discusses the a priori identification of 
its equations. Section II presents estimates 
of the model’s coefficients and the results of 
empirical tests of the validity of the zero 
restrictions for the coefficients of the ex- 
cluded predetermined variables in each 
equation. Section III provides the alterna- 
tive interpretation of the causality underly- 
ing Ehrlich’s estimates. 


I. The Structural Model 
A. Overview 


Equations (1)—(9) present the structural 
model representing the behavior of mur- 
derers, the criminal justice system, and 
society in causally generating observed 
time-series data covering the years 1933-69 
on homicides and penalties. (The variables 
are defined in Table 1.) Equations (7)-(9) 
are identities. Equation (1) is a murder 
supply function specified with the same 
variables employed by Ehrlich. Equations 


_ (2)-(6) are based on the H-K-S model. The 


model’s three production equations (2)—(4) 
reflect the criminal justice activities of ap- 
prehending suspects, convicting them, and 
upholding appeals of death sentences. Mur- 
ders, apprehensions, and convictions repre- 
sent workloads in these production equa- 
tions. Resources that society provides to the 
criminal justice system also appear in these 
equations. The level of these resources is 
determined in equations (5) and (6). These 
equations are public expenditure functions 
which relate variables that stand as proxies 
for attitudes about the social loss from 
murders and other crimes to the collective 
funding of criminal justice activities. 

Within equations (2)-(4), increases in 
murders augment workloads in the criminal 
justice system which, in the absence of addi- 
tional resources, result in lower levels of the 
measured rates of apprehension of suspects, 
conviction of apprehended suspects, and ex- 
ecution of convicted criminals. Because of 
the high costs of renegotiating budgets, H- 
K-S hypothesized that society will change 
the amount of resources allocated to the 
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criminal justice system only if a change in 
the number of murders is perceived as per- 
manent. Thus, as specified in equations (5) 
and (6), resources can be expected to have a 
lagged response to workloads. 


(1) g = @,,+ alog Pa 


+ a); log Pela + a,,log Pelc+a,,logA, 


+ a,slog L+ alog Y, + ayglog U+ aT. 


(2); log Pa=a, + alog Q 
. + alog POL + a,,log NW 
(3) log Pcla=a,,+a,,logA . 
+ 433 log R +a log NW 
(4) logPeļc= a, + ay logC 
+ a4, log R + agyCL 
+ a TX logC _,+agglogA, 
(5) log R=as,+ ds, log Q + as3log Y, 
+ a5, log N + a.,logA,+a,.log NW. 
+ asılog A; + asglog Qı + asglog Q_» 


+ ds log OC_, +45 ,, log OC_, 


(6) logPOL=a,, + açlogQ + déz log Y, 
+ a log N + açslog A, 
+ dgglog NW + ag, log Az + agglog Q: 
+ golog Q 2t d6 10l0g OC; 


+d, ;,logOC_, 


(7) Q=N(Q/N) 
(8) A=QPa 
(9) |. C=QPaPcla=A Pcla 
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TABLE 1— DEFINITIONS OF VARIABLES IN THE MODEL 


Endogenous Variables 
Q= observed murders (capital murders plus 
other murders less negligent homicides) 
A= arrests for observed murders 
C=convictions for observed murders 
Pa= the probability of apprehension 
`. Pela=the conditional probability of conviction 
given apprehension 
Pe|lc=the conditional probability of execution 
given conviction 
R= total resources available to the criminal jus- 
tice system which may be allocated to the 
arresting, convicting, and executing of 
capital murderers 
POL = resources available to police only 
Exogenous Variables 
L=proportion of the population in ‘the labor 
force 
U= percent of the Jabor force unemployed 
Y, = Milton Friedman’s estimate of (real) perma- 
nent income per capita 
A,*proportion of the. population in the 14-24 
age group 
T= chronological. time 
N= civilian population (in thousands) 
NW = proportion of the population which is non- 
white 
A,=proportion of the population within the 
25—49 age group 
CL=dummy variable representing class action 
appeals and taking the value 1 for 1965-69 
A= proportion of the population age 50 and 
above 
OC = other violent crimes 
A4g™=proportion of the population within the. 
.14-19 age group 


Note: Data used are very similar to those used by 
Ehrlich. Our modifications of Ehrlich’s data are de- 
scribed in the Appendix. A detailed listing of our data 
sources andthe actual data are available on request. 


From Ehrlich’s ‘““Defense Against Mur- 


“der” (1975a) and from. our structural mo- 


del, it can be seen that both analyses of 
society’s response to murder behavior as- 
sume rational behavior on the part of 
society in allocating resources to the crimi- 
nal justice system, but they differ in the one 
respect crucial for identification. The struc- 
tural model provides equations that could 
have jointly caused, along with a murder 
supply function, the data used to estimate 
that function. Ehrlich’s analysis does not 
provide such equations. 
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B. Description and Theoretical Justification 
of the Equations in the Structural Model 


l. The Murder Supply Function 

The murder supply function was initially 
specified in the structural model with the 
same variables that Ehrlich employed. Other 
authors have found that Ehrlich’s empirical 
support for his theory’s prediction of as- 
cending negative coefficients for the de- 
terrence variables does not hold under many 
alternative specifications. We chose to ex- 
amine the identification of a murder supply 
function having the same results as Ehrlich’s 
in terms of statistically significant negative 
ascending coefficients for the deterrence 
variables when estimated outside a struc- 
tural model. We measured Pa (apprehension 
risk) and Pe|a (conditional conviction risk) 
in the. same way Ehrlich measured them. 
Among the alternative measures of execu- 
tion risk used by Ehrlich, we used his 
PXQI1_.,, the ratio of current period execu- 
tions to the previous year’s convictions.’ We 
used a semilog formulation for the murder 
supply function rather than the /og-linear 
form used by Ehrlich." 


SEhrlich’s theory provides justification for the de- 
terrence variables in his murder supply function includ- 
ing a priori prediction of the ascending values of their 
coefficients. However, he provides less definite justifi- 
cation for the other variables in this equation. 

"Pa and Pela are measured by the clearance rate for 
murders and nonnegligent manslaughters and the per- 
cent of individuals found guilty as charged for murder 
and nonnegligent manslaughter, respectively. Ehrlich 
uses three basic measures of execution risk: PXQ2 (the 
ratio of the current year’s executions to convictions), 
PXQI (the ratio of next year’s executions to current 
year convictions), and PXQ/J_, (the ratio of current, 
executions to previous year’s convictions). While we 
have no strong preference, we use PXQJ_, because it 
allows for a lag between conviction and execution.and 
does not require potential offenders to forecast execu- 
tions. . 

8Ehrlich specified a log-linear relation between 
Q°/WN (the capital murder rate) and the right-hand side 
variables in the murder supply function. Because of a 
lack of data on Q°, he then specified a time trend 
relation between Q (total murders for which data are 
available) and Q° to transform the dependent variable 
to Q and in which time was required to enter the 
murder supply function as T itself. When /og-linear 
forms are specified for any two of 9°/N, QO” /N, and 
QO/N (where Q” is the number of noncapital murders), 
the linear identity 0/N=Q°/N+Q"/N implies an 
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2. The Production Equations 

The H-K-S theory holds that adding re- 
sources to the criminal justice system (POL 
in equation (2) and R in equations (3) and 
(4)) increases the apprehension, conviction, 
and execution rates. This hypothesis is 
based on the assumption that police and 
prosecutors invariably lack resources to 
maximize the numbers of apprehensions, 
convictions, and upheld convictions with 
death sentences, and that at least some of 
any additional resources are devoted to in- 
creasing these outputs. The theory hypothe- 
sizes that increases in the workload vari- 
ables, Q in equation (2), A in equation (3), 
and C in equation (4), respectively, reduce 
the apprehension, conviction, and execution 
rates. This prediction depends on the 
assumption that a larger workload cannot 
be handled as successfully as a smaller 
workload with a given amount of resources. 
However, police and prosecutors can rede- 
ploy resources from more- to less-resource- 
absorbing cases to mitigate the reduced 
production brought about by increased 
workloads. Based on an institutional analy- 
sis of the criminal justice system, the H-K-S 
theory predicts that police are more able 
than prosecutors to redeploy resources 
among cases. Thus the predicted negative 
coefficient for murders for the production of 
apprehensions in equation (2) is larger than 
the negative coefficients for apprehensions 
and convictions in the production of convic- 
tions and executions in equations (3) and 
(4). An increase in the measured workload 
in the execution equation includes actual 
workload unrelated to upholding appeals of 
death sentences because the data for convic- 
tions include all convictions for murders. 


unusual intrinsically non-linear form for the third ratio. 


An alternative specification of a semilog formulation 
for O"/N and Q°/N yields a semilog formulation for 
Q/N whose parameters can be estimated using linear 
regression. Thus the semilog relationship is consistent 
with a straightforward relationship between Q and Q* 
endogenously determined within the theory of murder 
behavior. Time is included simply as a separate inde- 
pendent variable to control for omitted exogenous in- 
fluences on O°/N and/or Q”/N; thus while the form 
of the variable (i.e., T or ‘nT or T?, etc.) influences the 
empirical results, its a priori specification is clearly 
arbitrary. 
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For this reason, H-K-S argue that the nega- 
tive coefficient for apprehensions in equa- 
tion (3) will be larger than the negative 
coefficient for convictions in equation (4). 

In the production equation for executions 
we included the following variables to con- 
trol for the rapid growth of appeals over the 
1933~69 sample period. A dummy variable 
was entered for the class action suits, ini- 
tiated in 1965 by Anthony Amsterdam and 
his colleagues, that contributed to a near 
cessation of executions after 1964 and a 
cessation by 1968.? We also incorporated an 
interaction term between chronological time 
and lagged convictions to control for the 
steady increase in the lag from sentencing to 
execution over the sample period.’ 

To control for possible differences in the 
production relations between urban and ru- 
ral areas, we wished to include in them the 
fraction of the population in urban areas as 
a variable. Because available data on urban 
populations are not sufficient for estimation, 
we used the proportion of the population 
that is nonwhite (NW)"! as a crude proxy 


Two of the decisions argued by the Amsterdam 
organization were Adderly vo. Wainwright: and. Hill, 
Saterfield, and Anderson v. Nelson. 

lOWhile data on the time delays were not systemati- 
cally collected until 1960, available estimates suggest 
that during the 1930’s execution usually followed con- 
viction within a year (see Burton Wolfe, p. 82). The 
median length of time from sentencing to execution 
had increased to nearly four years by 1965 (see Hugo 
Bedau, p. 30). Increased delays resulted from a number 
of major court decisions which extended grounds for 
appeals. See, for example, Norris v. Alabama; Brown et 
al. v. State of Mississippi; Mallory v. United States; 
Escobedo v. State of Illinois; People o. Morse; People v. 
Dorado, With the exception of the Amsterdam suits, 
the effects of new grounds for appeal were more con- 
tinuous in their influence than dummies would indi- 
cate. The impact of these other decisions developed 
gradually because of time delays in acquiring and 
learning how to apply information. Through educating 
other defendants, Caryl Chessman (1954; 1955; 1957) 
contributed to the widespread use of the appeals pro- 
cess. 

“Alternative measures of U.S. urban populations 
‘are available only for census years. The percentage 
increases in the fraction of the resident (civilian not 
available) U.S. population living in Standard Metro- 
politan Statistical Areas were 2.1 for 1930-40, 4.9 for 
1940-50, 7.0 for 1950-60 and 5.6 for 1960-70 (see 
Donald Bogue, Table 3-1, p. 47; and U.S. Bureau of 
the Census, No. 19, p. 20). The corresponding percent 
increases for our nonwhites variable (applicable to the 
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variable in the production equations for ap- 
prehensions and convictions. We found that 
NW would not enter the production equa- 
tion for executions when the interaction 
term in equation (4) was also entered.” This 
result may be due to the simple correlation 
coefficient of 0.95 between the log of NW 
and the time trend. We retained the interac- 
tion term in the production equation for 
executions and excluded NW. Thus the net 
influence of NW (see fn. 11) is embedded in 
other estimated coefficients. 

In the production equation for executions 
we entered the fraction of the population in 
the 14—19 age group to control for the reluc- 
tance of society to execute youthful of- 
fenders. !? 


3. Expenditure Equations 

The variables in our expenditure func- 
tions measure public concern and willing- 
ness to expend resources on the criminal 





civilian population) were 1.1, 4.9, 7.1, and 7.5. Aside 
from the possible role of race as a proxy for urbaniza- 
tion, the rates of apprehension, conviction, and execu- 
tion may differ by race because of public opinion, and 
the weights accorded by police and prosecutors to 
crimes committed by different categories of the popula- 
tion and to the economic capability of defendants to 
provide for their defense. In William Landes’ paper, a 
model of the behavior of prosecutors and defendants is 
provided that predicts plea bargains and trial outcomes 
given an index of the importance to the prosecutors of 
each crime (which can include the defendant’s char- 
acteristics} and the resources available to the prosecu- 
tor and each defendant. 

Ehrlich found that when NW and a time trend 
were entered into the murder supply function, the 
coefficient of NW became statistically insignificant. 

13We calculated the proportion of those arrested for 
murder in a number of different age groups who were 
subsequently executed. Those proportions are .012 for 
persons under 20, .018 for persons aged 20-24, .020 for 
persons aged 25-29, .018 for persons aged 30-34, .013 
for persons aged 35-44, and .010 for persons over 44. 
While the proportions are lowest in the under-20 age 
group and in the over-35 age group, we entered only 
the fraction in the younger group, since the fraction of 
arrests in the over-35 age group could also capture the 
effect of the relatively more positive attitudes of per- 
sons in this age group towards capital punishment. This 
fraction did not enter significantly when entered with 
alternative lags perhaps because of changes in defini- 
tions for the arrest data over the sample period. For 
this reason we entered the fraction of the population in 
the 14-19 age group. 
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justice system. They do not necessarily 
imply that the public is informed about the 
effects on criminal behavior of spending 
varying levels of resources on criminal jus- 
tice activities. We included real income 
because this variable could influence the 
willingness of the public to spend resources 
on criminal justice activities. For example, 
one might specify the values that society is 
willing to pay to avoid the loss of human 
life as the cost of murder, which in turn 
could be a function of real income.'® 

We entered the fractions of the popula- 
tion in the 25—49 and over-50 age groups to 
control for the possible effects of age on the 
demand for law enforcement. We were able 
to find only indirect evidence on this topic 
and the available evidence is based on 
sketchy data. There is some evidence that 
“socialization” or attitudes about social be- 
havior may be influenced by events in the 
life cycle such as leaving school and begin- 
ning one’s career, marrying and forming 
families, child rearing, purchasing a home, 
and retiring. (See Jeylan Mortimer and 
Roberta Simmons and references there- 
in, and especially Orville Brim, Jr.) Most 
of those events occur within the former 
age group, but the older age group exper- 
iences the events of children leaving home, 
retirement planning, and retirement.!” With 
references to attitudes about crime specifi- 
cally, there is some evidence (see Monica 
- Blumenthal et al., ch. 3) that fear of crime 
and the desire for larger police forces in- 
' crease somewhat as age increases beyond 
the teenage years (see Hazel Erskine). We 


14Similar variables were used by Jeffrey Chapman; 
Phillips and Votey; Thaler. 

5Public expenditure functions (including our own) 
do not shed much light on the subject of how well 
' informed the public is about the results of collective 
expenditures. In regard to public higher education ex- 
penditures, Charles Clotfelter found support for the 
hypothesis that the public is informed about some 
effects but appears to be uninformed about others. 

16See E, J. Mishan. 

"The mean age of marriage for men in the United 
States has varied between 23 and 26 in this century 
with the first child coming 1.5 to 3 years after marriage 
so that the 25-49 age range encompasses the years of 
family formation and child rearing. Home purchase is 
also concentrated in this age group (see Hugh Carter 
and Paul Glick). 
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were, however, unable to find data tying 
socialization to voting behavior. We also 
included NW as a possible control for the 
influence of urbanization in the demand for 
law enforcement. Lagged as well as current 
murders were included because of the H-K- 
S hypothesis that adjustments of resources 
to changes in workloads are gradual. Simi- 
larly, lagged values of other violent crimes 
were entered into the equation." 


C. A Priori Identification 


According to the counts of included 
jointly dependent variables and excluded 
predetermined variables, each equation is 
overidentified on a priori grounds. The ex- 
clusion from the murder supply function of 
variables controlling for appeal activity in 
the production relation for executions and 
of variables controlling for lagged murders 
and other violent crimes in the resource 
equations contributes to the identification of 
this equation on a priori grounds. Socioeco- 
nomic variables influencing murder be- 
havior excluded from the production and 
resource relations identified these equations 
on a priori grounds. However, data limita- 
tions made it necessary to include only a 
crude proxy (NW) for the possibly im- 
portant variable of the fraction of the popu- 
lation living in urban areas. Many of 
the model’s predetermined variables are 
also highly intercorrelated over the time- 


The model could include the contemporaneous 
rate of other violent crimes as an endogenous variable. 
However, estimation of other violent crimes was 
hampered by the lack of adequate data. There are no 
continuous time-series data on convictions for other 
violent crimes over the sample period; juvenile convic- 
tions are included from 1933-60 and excluded there- 
after. Sentencing data are also unavailable for other 
violent crimes over the sample period. Unless addi- 
tional predetermined variables are included in equa- 
tions for the supply of other violent crimes and produc- 
tion equations associated with them, there would be no 
change in our reported results. These results would 
change, however, if a full-information estimation tech- 
nique were used. Using three-stage least squares 
(3SLS) we estimated a crude:model including equa- 
tions for other violent crimes but lacking sentencing 
data and with an estimated series on convictions in the 
1960’s. There was no significant change in our reported 
results (3SLS estimates of our model alone also pro- 
duce no significant difference in results). 
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series sample. (Examples of simple corre- 
lations are T. and log N(0.98), log A, and 
log Y,(0.95), log NW and log N(0.93), and T 
and log Y,(0.97).) Consequently, the 
measures used to control for the influence 
of variables in one equation can be control- 
ling simultaneously for the influence of 
other variables in other equations. For this 
reason, even though the model’s equations 
are overidentified according to counts of 
variables, the equations may not be estim- 
able with available data. 


II. Estimates of the Structural Model 
A. Estimates of the Model’s Coefficients 


Columns (2)-(7) in Table 2 present two- 
stage least squares (2SLS) estimates of the 
model’s coefficients and standard errors. 
Column (1) shows the single equation esti- 
mates of Erhlich’s murder supply function 
using his three-pass least squares technique. 
Columns (8)-(12) show alternative specifi- 
cations of the resource equations and the 
murder supply function. The latter equa- 
tions are discussed in Section II, Part B. 

The coefficients in column (1) indicate 
that the estimation of Ehrlich’s equation 
using our data and the three-pass technique 
(compare with equation 3, Table 3, in 
Ehrlich, 1975a, p. 410) produces results in 
agreement with Ehrlich’s hypotheses regard- 
ing the signs and relative sizes of the coef- 
ficients of Pa, Pc\a, and Pe|c. The semilog 
formulation of the murder supply function 
estimated using 2SLS (col. (2)) also sup- 
ports his hypotheses. The coefficients for 
Pa, Pcla, and Pelc are all negative and all 
more than 1.5 times their standard errors 
with the coefficient of Pe|c nearly 3 times its 
standard error. 

The estimated production equations for 
apprehensions, convictions, and executions 
are largely as expected. The resource vari- 
ables have positive coefficients. The fraction 
of the population in the 14-19 age range has 
a negative coefficient greater than twice its 
standard error in the equation for execu- 
tions. The variables related to appeals and 
lags between conviction and execution also 
have negative coefficients greater than twice 
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their standard errors in the execution equa- 
tion. Finally, the coefficients of the work- 
loads Q, A, and C in the production equa- 
tions have the relative values 0>a,, >a} > 
Ag predicted in H-K-S. The importance of 
this result is discussed in Section ITI. 

The estimates of the resource equations 
shown in columns (6) and (7) generally sup- 
port the hypothesis that an increase in the 
number of crimes leads to a corresponding 
lagged increase in the amount of resources 
provided by society to the criminal justice 
system. The coefficients for the age 25-49 
variable are positive and twice their stan- 
dard errors and provide some support for 
the hypothesis that persons in this age group 
are relatively more willing to support crime 
control activities. However, the positive 
coefficient for the 50-and-over age group is 
less than its standard error. This could result 
from lower incomes in this age bracket. The 
positive coefficient of the NW variable is 
consistent with increased criminal justice ex- 
penditures over the sample period due to 
urbanization if, in fact, this variable controls 
for urbanization. 


B. Tests of Overidentifying Restrictions 


Each of the equations in our structural 
model is overidentified in terms of the order 
condition. For each equation we can empiri- 
cally test the null hypothesis that all of the 
coefficients of the predetermined variables 
excluded from the equation are zero against 
the alternative hypothesis that one or more 
are not zero. If we let \=T6?/d’ Wa, then 
the statistic is [((T— K)/ LJA — 1) where ô? is 
the 2SLS estimate of the residual variance 
in the equation; a’ =(1, — å) where â; is the 
vector of 2SLS estimated coefficients for 
the endogenous variables on the right-hand 
side of the equation; W is the matrix of the 
second moments of the residuals of regres- 
sions of the endogenous variables included 
in the equation on all predetermined vari- 
ables in the model; T is the number of 


' observations; K is the total number of pre- 


determined variables in the model; and L= 
K, — G, where K, is the number of excluded 
predetermined variables and G, is the num- 
ber of included endogenous variables on the 
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TABLE 2— REGRESSION RESULTS FOR THE STRUCTURAL EQUATIONS (1935--69)* 





Equations (Number and Dependent Variables) 


log log log -` log 
logQ/N Q/N  logPa Pela Pece logR POL tlogR POL . Q/N Q/N 
(1) (2) (3) (4) (5) (6) (7) (8) (9) a Ra (a) 
- Jointly Dependent Variables 
log Pa —2,12 —.10 —.19 ~-21 
(.75) (.044) (.066) (.079) 
logPcla = —.21 — 012 0045 010 
' (10) (0063) (012) (015) 
log Peje —.056 —.0046 20016 .00021 
(022)  (.0016) i (.0033) (0039) 
log Q —.13 — 29 ~43 -62 m83 
(.023) (.12) (14 (I) (20 
log Á ~ 55 
(.26) 
log C "me 93 
: (.57) 
log POL AS 
(.022) 
log R AS 1582 
(.34) (2.54) 
Predetermined Variables 
log L ~.16 — .032 046 068 
(1.05) (064) (081) (ID > 
log U 027 0019 —.0024  —.0030 
(029 = (.0017) (0031) (0037) 
log Y, 1.03 054 ~ 0055 052 17 .27 —.0047 —.022 
(.25) (.014) (.28) (33) (29) (35) (037) (.045) 
log N 1.04 1.5} —209 —2.33 - 
; (38) ` (46) (1.19 (137 
T —.041 —.0024 -00041 -00093 
(.0073) (.00044) (0017) — (0021) 
log A, 42 016 022 
(.20) (.013) (.014) 
log A, l 1.41’ 2.01 2.96 392 
(.84) (1.00) (1.02) (1.21) 
log A; 18 - 46 ~—412 -~4,83 
(.81) (.97) (1.72) (2.03) 
logA, ~ 2.08 
(71) 
log As 016 
(.015)° 
log Ag .039 ‘ 035 
(.023) (.024) 
log NW ~61. -N 3.44 3.76 5.71 6.54 be. 
(.15) (1.63) (1.35) (1.60) (1.60) (1.90) 
CL . 1.75 2 
(.32) 
log Q_, 12 13 035 018 
(092) (11) (10 (.12) 
logQ_» 16 16 12 ll 
Š z (.080) (095) ' (.084) (.10) 
T-logC_, ~ 016 0085 010 
(.0085) (.0030) (.0035) 
log OC_,° ~ 17 ~ 14 ~—18 —.16 
(.13) (15) (13) (16) 
log OC _» .20 25 17 22 
(.10) (12 GID. 613) i 
Constant- . 1.78 .25 3.16 3.50 ~—6.24 4.53 26 4437 49.19 1.08 1.29 
(3.28) (.20) (63) (7.48) (21.95) (4.23) (5.03) (14.52) (17.22) = (.52) (.64) 
R? 93 92 83 23 6 99 9 99 99 92 .90 
SEE 047 0028 014 14 35 024 029 025 .029 0029 .0033 
Value of i 
the Test _ 4.66 1.99 5.94 155 6,07 5.56 1.52 1.22 238 1.69 
Statistic? (8,18)° (13,18) (13, 18)* (11,18) (6,18)° (6,18)* (5,18) (5,18) (8,1) (8, 17) 


"The standard error of the coefficient is in parentheses beneath it. 
An asterisk indicates that the value of the test statistic is significant at the 5 percent level. 
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right-hand side of the equation.” This sta- 
tistic is based on the work of T. W. Ander- 
son and Herman Rubin who provided a test 
statistic when the estimates are obtained 
using limited information maximum likeli- 
hood techniques. R. L. Basmann derived 
this statistic for estimates obtained by 
2SLS. Joseph Kadane showed that both the 
Basmann statistic and the Anderson-Rubin 
statistic have the F-distribution with L and 
T — K degrees of freedom. 

The statistic can be interpreted as follows. 
The numerator of A is the sum of squared 
residuals of the structural equation re- 
stricted by excluding a subset of the pre- 
determined variables. The denominator is 
the sum of squared residuals with all of 
the predetermined variables entered in the 
equation. Hence, a large value of A indicates 
that the zero restrictions on the coefficients 
of the excluded predetermined variables 
substantially increase the residual variance 
of the equation. A value of the statistic 
above the critical value leads to rejection of 
the null hypothesis in favor of the alterna- 
tive hypothesis of too many omissions of 
variables under the null hypothesis. A rejec- 
tion of the null hypothesis implies that the 
equation should be reestimated with some 
of the originally excluded predetermined 
variables now included. Of course, if this 
procedure is to improve an equation’s speci- 
fication, any added variables must be justi- 
fied a priori. 

The value of the statistic is given in the 
last row of Table 2 with the associated de- 
grees of freedom shown in parentheses. 
From the values of the test statistic we reject 
the null hypothesis that the overidentifying 
restrictions on the murder supply function 
as specified by Ehrlich are correct. We 
cannot reject the null hypothesis for the 
production equations for arrests and execu- 
tions. However, the hypothesis is also re- 


The test statistic we use is correct under the 
assumption that serial correlation is not present. If 
serial correlation is present, the statistic is basically of 
the same form. However, the order condition for each 
equation is that the number of excluded exogenous (not 
predetermined) variables must be greater than or equal 
to the number of included current and lagged endoge- 
nous variables. 
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jected for the production equations for con- 
victions and for the resource equations. 

For the production equation for con- 
victions we tested the hypothesis that var- 
iables entering the equations determining 
resources should be included for this equa- 
tion to be specified correctly. When these 
variables from the resource equation were 
entered, the value was 2.20 with 4 and 18 
degrees of freedom. The hypothesis of cor- 
rect specification cannot be rejected when 
the variables from the resource equations 
are added. However, when we added the 
predetermined variables from the murder 
supply function to the conviction equation, 
the hypothesis of correct specification was 
rejected. 

We tested whether including variables 
from the murder supply function or the pro- 
duction equations in the resource equations 
produced test statistic values below the criti- 
cal value. Only when the interaction term 
controlling for additional appeals from the 
execution equation was added was the hy- 
pothesis of correct specification not rejected 
for either resource equation. The inclusion 
of this variable led us to consider that in- 
creased numbers of appeals (which in- 
creased for noncapital as well as capital 
crimes) required additional resources for 
police who had to develop better cases and 


.for courts and prosecutors who had to deal 


with heavier workloads. 

Columns (8) and (9) of Table 2 show the 
resource equations estimated with the addi- 
tional variable. The interaction term vari- 
ables have positive coefficients greater than 
twice their standard errors which supports 
the hypothesis of the additional burden of 
appeals. The only substantial changes be- 
tween these equations and those in columns 
(6) and (7) are the negative coefficients for 
A, and total population. The former could 
be explained by the negative effect of the 
reduced income of persons in the latter part 
of this age group which might offset the 
positive effect of their expressed fear of 
crime. The negative coefficient of popula- 
tion is probably due to the high correlation 
between this variable and others in the 
equation. The correlations between popula- 
tion and income, the proportion nonwhite in 


. 
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TABLE 3— ARRESTS FOR MURDERS OVER THE SAMPLE PERIOD, 1933-69 


(By Age Group) 
Proportion of Total 

Age Group Arrests for Murder Age Proportion 
Under 15 0.0077 15 0.0080 
15-19 0.1108 16 0.0155 
20-24 0.1916 17 0.0231 
25-29 0.1737 18 0.0301 
30-34 0.1405 19 0.0341 
35-39 0.1203 20 0.0346 
40-44 0.0886 21 0.0384 
45-49 0.0640 22 0.0391 — 
50 and Over 0.1027 23 0.0402 

24 0.0391 


Note: The data for this table were taken from the Uniform Crime Reports. The 
fractions were calculated by summing total arrests for murder from 1933 to 1969 for 
each age group and dividing each sum by total arrests. The definitions underlying the 
available data varied as follows: 1933-50—Arrests were for murder, nonnegligent 
manslaughter, and manslaughter by negligence in all areas of the United States; 
1951-63—Arrests were for murder and nonnegligent manslaughter in cities over 
2,500; 1964-69—Arrests were for murder and nonnegligent manslaughter in all areas 


of the United States. 


the population, the interaction term, and the 
lagged values of other violent crimes are all 
greater than 0.9. 

With regard to the murder supply func- 
tion, the only variables from the production 
and resource equations that could be justi- 
fied a priori as belonging in the murder 
supply function were the age variables A,, 
A, and A, controlling for the age composi- 
tion of the population.”” Because these vari- 
ables cover such a broad segment of the 
population, we were led to examine murder 
data by age group according to the Uniform 
Crime Reports. 

Table 3 shows the fraction of arrests for 
murder by five-year age brackets and also 
for individual ages between 15 and 24. Note 
that the proportions are high for the age 
groups 15-19, 20-24, and 25-29, although 
the more detailed results indicate that the 
proportion is relatively low for 15-year olds. 
In fact, for the 15—20-year olds, the detailed 
results show considerable variation in the 
proportions of arrests across these years. 
Another source of variation, not shown in 
Table 3, is the substantial reduction in ar- 


20We are indebted to Christopher Sims for sugges- 
tions concerning the interpretation of variables control- 
ling for the age composition of the population in the 
murder supply function. 


rests of 18- and 19-year olds and of persons 
in the 20-24 age group during the three 
wars in the sample period. During these 
years the proportion of persons arrested in 
these age groups was well below the average 
over the sample period.?! 

Given these problems with the data for 
persons under 25, we decided to enter sep- 
arate variables in the murder supply func- 
tion to control for persons under 25 and in 
the 25-29 age group. (The latter variable is 
A, in Table 2.) Our first regression includes 
the 14-24 and 25-29 age groups as separate 
variables, since the data indicate that the 
proportion of murders committed by per- 
sons in the 14—24 age group is high, though 
variable. Our second regression includes the 
21-24 (A, in Table 2) and 25-29 age groups 
separately. Entering only these two variables 
removes the uneven effect of the 14—20 year 
olds, but A, still includes an uneven effect 
due to the three wars. 

The results of these estimates are shown 
in columns (10) and (11) of Table 2.27 Both 


2IFor example, in 1943 the proportions of arrests 
were 0.1578 for the 20—24 age group and 0.1749 for the 
25-29 year olds. 

22The estimates of the parameters of the other struc- 
tural equations were virtually unchanged for the equa- 
tions in columns (10) and (11). The estimates are avail- 
able from the authors on request. 
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equations have test statistic values which 
indicate that the hypothesis of the correct- 
ness of the zero: restrictions on the co- 
efficients of the excluded exogenous vari- 
ables cannot be rejected. For the 25—29 age 
variable the coefficients are about equal in 
magnitude and greater than their standard 
errors in both equations. The coefficient of 
the 14-24 age variable in column (10) is 
greater than its standard error, while the 
coefficient of the 21-24 age variable in col- 
umn (11) is about equal to its standard 
error. It appears that the effects of the age 
variables are uneven, probably for the rea- 
sons described above. 

In the equations with respecified variables 
for the age composition of the population, 
the coefficients of Pc|a and Pe|c are positive 
and less than their standard errors. In each 
equation the coefficient of Pa is larger in 
absolute value than the coefficient of Pa in 
column (2) and more than twice its standard 
error. That the coefficient of Pa increases in 
absolute value seems reasonable to us, for 
when apprehension occurs, it occurs rela- 
tively soon after the crime and thus repre- 
sents an immediate threat to the murderer. 
Further, the measured probability of appre- 
hension is large enough so that it is plausi- 
ble to assume that potential murderers are 
aware of it as a significant, as well as an 
immediate, threat. These results suggest that 
perhaps the true murder supply function is 
one in which 1) the effect of the probability 
of apprehension is larger than that found by 
Ehrlich, and 2) the effects of the conditional 
probability of conviction given apprehen- 
sion and execution given conviction are 
zero. 


HI. An Interpretation of the Causality 
Underlying Ehrlich’s Specification of the 
Murder Supply Function 


In this section we present an alternative 
interpretation of Ehrlich’s empirical results. 
He found that the coefficients for the- de- 
terrence variables were negative, larger than 
their standard errors, and in the ascending 
order predicted by his theory. We suggest 
that these impressive results could have 
been caused by the response of the criminal 
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justice system to murders. Two questions 
must be answered to determine the plausi- 
bility of this alternative interpretation. First, 
does the theory of the response of society 
and the criminal justice system to murder 
behavior provide the same prediction of 
ascending coefficients as does Ehrlich’s the- 
ory of murder behavior? Second, do the 
empirical results for the response of society 
and the criminal justice system support the 
alternative interpretation? 

The simultaneous solution of the produc- 
tion equations and resource equations (2)— 
(6) is shown by H-K-S to yield the equation: 


(10) logQ=K,+K,logPa 


+ K, log Pc\a+ K,log Pe\c 


n 
+ D Klog V, 3+e 
j=4 


i= 


where the V;s are the predetermined vari- 
ables in the production and resource equa- 
tions and the Ks are the associated 
coefficients, and 


(11) K,=1+3(a,3,a,, + ay) 
(12) K,=1+3[ (4,345) + a3) 
+ ayaza + 29) | 
(13) K3=1+ 3| (aaas + ay) 
+ dya( 423069 + Ay + (453459 + a32) 


+ d59( 423469 + ary) | 


With the exogenous variables used by 
Ehrlich in his murder supply function en- 
tered into the production or resource equa- 
tions, equation (10) is identical to Ehrlich’s 
murder supply function. However, the cau- 
sality underlying this equation is the re- 
sponse of the punishments meted out by the 
criminal justice system to murder behavior. 
While this equation’s particular way of ex- 
pressing this response is not of intrinsic in- 
terest, it does illustrate that Ehrlich’s murder 
supply function, if not identified, could rep- 
resent criminal justice system behavior and 
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not murder behavior. In particular, K,, K, 
and K, represent the effects of murders on 
Pa, Pcla, and Pelc..A given increase in 
murders adds to the criminal justice sys- 
tem’s workloads but does not add to its 
resources to deal with these workloads ex- 
cept with lags. Thus, K,, K,, and K, can be 
expected to be negative. The coefficient K, 
has more terms than K, because the re- 
sponse of the apprehension rate to increased 
murders is part of the response of the con- 
viction rate to increased murders, since ap- 
prehensions are the workload for the part of 
the criminal justice system dealing with con- 
victions. Similarly, K, has more terms than 
K, because the response of the conviction 
rate to increased murders is part of the 
response of the execution rate to increased 
murders. Of particular interest are the rela- 
tive magnitudes of K,, K, and K,. Hoenack, 
Kudrle, and Sjoquist derive sufficient condi- 
tions for K,<K,<A,<0; the condition 
having the most behavioral significance is 
that a4) <a3. <a. <0.” Section I points out 
that the H-K-S theory provides the a priori 
prediction @<da3,<a.,<0. The estimates 
for the production equations in Section II 
show this result. 

We now present estimates of the values of 
the solved coefficients in equation (10) un- 
der alternative specifications of. the esti- 
mated production and resource equations 
from which it is derived. 

We estimated equations (2)-(6) using 
ordinary least squares and calculated the 
values of K, Ko, and K, under two sets 
of assumptions.” Under the first set of 


The conditions are l 
(a) equations (2)-(4) possess constant returns to scale, 
ie. 7 
dzz + 47, + 1 = dzz + dag t 1 = Ag + Ag3 + |=] 


(b) 447,462 < 1 


a33 
(©) ans 1+ az 


đ43 

(d) da3 < l + a4, 
(e) 0 >an > az >da 

For the purposes of these calculations we treated 
Q as predetermined or determined only by exogenous 
variables. In the results presented here the former con- 
dition is assumed to hold. If the latter condition were 
to hold, the results would be modified only slightly. 
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TABLE 4-—-SOLVED COEFFICIENTS OF EQUATION (10) 


Dependent K; 

Variables K, K, PXQI_, PXQ2 
Q —1.78  —.68 — 39 —.37 
Q/N —169 —.68 — Al — 39 
Q — 1.66  —.59 — 42 —.5l 
Q/N — 1.88  —.57 — 42 —.50 


Note: The regressions used to calculate these values 
are available from the authors on request. 


assumptions, we respecified equations (2)- 
(6) in such a way that only the exogenous 
variables in Ehrlich’s equation were used in 
the solution for equation (10). In particular, 
we specified the production equations for 
Pa, Pc|a, and the execution rate (we used 
both the PXQ/_, and PXQ2 execution risk 
measures defined by Ehrlich) with only Q 
and POL on the right-hand side of (2), A 
and R on the right-hand side of (3), and C 
and R on the right-hand sidé of (4). The 
exogenous variables L, U, T, A, and Y, 
were included on the right-hand side of 
(5) and (6). In the first variant under these 
assumptions we specified the equations (2) 
for Pa and (5) and (6) for resources with Q 
on the right-hand side, and in the second 
variant Q/N was substituted for Q in these 
equations. If Q/N is on the right-hand side 
of (2), (5), and (6), the solved equation (10) 
is identical to that estimated by Ehrlich. The 
first two rows in Table 4 present the corre- 
sponding values of K,, K,, and K, calcu- 
lated from equations (11)~(13). While these 
coefficients are somewhat different in mag- 
nitude from those that Ehrlich found, each 
row has K, <K,<K,<0, which is the condi- 
tion he predicted and found. 

Under the second set of assumptions, we 
specified the equations. for Pa, Pela, the 
execution rate, and resources exactly as 


‘shown in equations (2)—(6). The first variant 


under this set of assumptions included Q on 
the right-hand side of equations (2), (5), and 
(6); the second variant substituted Q/N for 
Q in these equations. The third and fourth 
rows in Table 4 show the solved values of 
K, K, and K, for this set of equations. 
While different in magnitude from the coef- 
ficients in the first two rows of Table 4, the 
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coefficients in the third and fourth rows 
again maintain the ordering K,<K,< 
K,< 0. 

The results in Table 4 suggest that 
Ehrlich’s estimated equation could have 
been causally generated by the response of 
the criminal justice system to murder. In 
this alternative interpretation, Ehrlich’s es- 
timated equation represents production 
behavior within the criminal justice system 
and the provision of resources to it, al- 
though misspecified. Is this alternative inter- 
pretation more plausible than the murder 
supply interpretation? The alternative inter- 
pretation is supported by the failure of the 
estimated murder supply function with 
ascending negative coefficients larger than 
their standard errors for the three deterrence 
probabilities to pass the test for correctness 
of overidentifying restrictions. On the other 
hand, when the respecified murder supply 
function passes the test for correctness of 
overidentifying restrictions, the ascending 
negative coefficient result vanishes.” 


IV. Conclusion 


Because of the high correlation among 
most of the time-series data used in this 
study, we do not regard our results as at all 
conclusive. The potential policy significance 
of deterrence estimates could justify the nec- 
essary expenditures in collecting data for 
cross-section estimation of a structural mod- 
el. These data should encompass actual 
capital murders and the specific criminal 
justice activities associated with them. Equal- 


25Also supporting the alternative interpretation is 
Ehrlich’s showing that the /og-linear form of his equa- 
tion is superior in his application of the Box and Cox 
procedure for selection of optimal data transforma- 
tions. (See Erhlich, 1977a, p. 454.) While the /og-linear 
form is straightforwardly derived from a Cobb-Douglas 
specification of the production equations for the crimi- 
nal justice system, it would require an awkward ap- 
plication of Ehrlich’s theory of rational murder be- 
havior to both capital and total murders. It is also 


noteworthy that in Ehrlich’s interpretation murderers - 


are required to respond to small and distant probabili- 
ties. In the alternative interpretation, the coefficient for 
each of these probabilities is determined by the con- 
strained response of the criminal justice system to 
changes in workloads. 
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ly important, however, is the need for im- 
proved theory. Ehrlich’s murder supply 
function contained eight variables, three of 
which were justified by his deterrence the- 
ory and five of which were given much less 
justification. We have seen that an im- 
proved understanding of the response of the 
criminal justice system to crime can lead to 
an improved specification of criminal be- 
havior as well as to an improved specifica- 
tion of equations for society’s response to 
crime. Our initial attempt at a structural 
model, for example, led through an ex- 
amination of the correctness of overidentify- 
ing restrictions to an improved explanation 
of the inclusion of variables controlling for 
the age composition of the population in the 
murder supply function and of a variable 
controlling for increased appeal activity in 
the resource equations. We have provided 
an example that illustrates the necessity of 
having a theory about all of the equations in 
a structural model and about every variable 
in each of its equations. 


APPENDIX 


Researchers critical of Ehrlich’s work 
have attempted to replicate his data closely. 
We had planned to replicate his data using 
the modifications suggested by W. J. Bowers 
and G. L. Pierce.2° However, on close in- 
vestigation of the data, we decided that it 
would be preferable to construct a data base 
with internally consistent definitions and 
with the revised data now available. Our 
reasons were as follows. First, the data for 
murders and other violent crimes reported 
through the Uniform Crime Reporting Pro- 
gram by law enforcement agencies only in- 
clude murders investigated by the police 
within the United States. Thus the other 
variables should include only data for 
civilians within the United States. Ehrlich’s 
civilian population variable (as well as his 
other variables which include population) 


26We are grateful to Glenn Pierce for making availa- 
ble to us the Bowers and Pierce data and Ehrlich’s 
memorandum describing his data sources (see Ehrlich 
and Mark, 1975). 
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includes Alaska and Hawaii before they be- 
came states. His population and labor force 
variables also include members of the 
armed forces overseas in several years. 

Second, while Ehrlich used the latest data 
on number of murders available at the time 
he wrote his article, these numbers have 
been revised since 1970.7’ These revised 
data also change the estimated numbers of 
arrests, convictions, and via convictions, the 
estimated execution rate. Third, the popula- 
tion data available to Ehrlich for the 1960’s 
were estimates based on the 1960 Census. 
These data have been revised based on the 
1970 Census, and we used the revised data. 
Fourth, our population variables (civilian 
population, proportion nonwhite, propor- 
tions in various age groups) are based on 
civilian populations, excluding armed forces 
overseas and/or stationed in the United 
- States, and excluding Alaska and Hawaii 
before 1959. Fifth, our labor force participa- 
tion rate is the ratio of the civilian labor 
force aged 14 and above to the civilian 
population of the same age. Ehrlich used the 
rate for those aged 16 and above for 1947 
and beyond, and the rate for those aged 14 
and over before 1947. A detailed listing of 
our data sources and the actual data are 
available on request. 


27The reported number of murders is higher in each 
year in the sample period (1933-69). The mean number 
of murders per year over the sample period in the data 
used by Ehrlich is 8,946; in our data the mean is 9,006. 
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Capital Contracting and the Regulated Firm 


By H. STUART BURNESS, W. DAviD MONTGOMERY, AND JAMES P. QUIRK* 


Choices by firms between risky and safe 
options, as in contracting for capital goods, 
are usually discussed by economists in terms 
of the attitudes towards risk on the part of 
supplying and/or demanding firms. Other 
aspects of this problem arise in the case 
of regulated firms. The structure of public 
utility regulation raises questions as to 
whether incentives are created for utilities 
to bear capital costs risks. A case in point 
occurred during the so-called “turnkey era” 
in nuclear power. During the turnkey era 
from 1963 to 1966 the leading U.S. reactor 
manufacturers (General Electric and West- 
inghouse) offered utilities turnkey (fixed- 
price) contracts covering essentially all the 
costs of nuclear reactor construction, pre- 
sumably in an effort to generate interest 
(and sales) in the fledgling nuclear power 
industry.! Even during the turnkey era, 
roughly one-third of the reactors ordered 
were on nonturnkey terms and immediately 
following the turnkey era, the return to con- 
.ventional cost-plus contracting was followed 
by a surge in orders for nuclear reactors. A 
partial explanation might be that utilities 
prefer bearing the cost risks of capital con- 
_ tracting to fixed-price contracts. 

Consequently, we examine risk-sharing 
arrangements involving regulated firms, first 
in the traditional Averch-Johnson (hereafter 
A-J) framework and subsequently in the 
context of a variant of a model of regulation 
developed by Paul Joskow. Under the sim- 


*University of New Mexico, U.S. Department of 
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tively. This research was supported in part under NSF 
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data used in this paper. We are solely responsible for 
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lFor a detailed expositon and analysis of the 
turnkey era and utility-reactor manufacturer behavior 
during this time see our paper.. 
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plifying assumption of expected income 
maximization, it is shown that utilities pre- 
fer a turnkey contract to a conventional 
contract in the A-J framework; but this 
conclusion is reversed using a Joskow-type 
model. As Joskow has emphasized, there are 
basic problems with the A-J model, particu- 
larly during periods such as the 1960’s and 
1970’s, when the impetus for regulatory re- 
view comes from the utility rather than from 
the regulating agency. Our final section 
summarizes utility-purchasing behavior and 
regulatory activity during and immediately 
following the turnkey era and compares this 
with the theoretical results derived in the 
body of the paper. 


I, The A-J Model and Risk Sharing 


We consider a variant of the A-J model in 
which the allowed profits of the regulated 
utility are based on the observed cost to 
the utility per unit of capital. The utility 
has choices with respect to the number of 
units of capital K, and the number of units 
of some index of variable inputs L to 
purchase.” The price of variable inputs w is 
known with certainty, but the cost per unit 
of capital to the supplier of capital p is a 
random variable with known probability 
distribution Kp). 

Under a turnkey contract, the utility can 
buy as many units of capital as it wishes at a 
guaranteed price E(p)=fypf(p)dp per unit 
of capital. Let II denote profits and let 
R(K, L) denote revenue to the utility, with R 
strictly concave and monotonic increasing 
in K,Z, where lim, „Rr imi oR =O. 
Then the utility solves the problem 


max I= R(K,L)— wL- rE(p)K 


subject to R(K,L)—wLS sE(p)K 

*The most important variable input is fuel; opera- 
tion and maintenance labor can also be varied, and a 
utility can purchase power for resale if its capital stock 
K imposes a constraint on generating capacity. 
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where r is the market rate of return per unit 
of capital and s is the allowed rate of return, 
r<s<ryy, with r,, being the rate of return 
for an unregulated monopolist. 

Let G=II+A(sE(p)K — R(K, L) + wL). 
At a constrained maximum of profits under 
a turnkey contract we have 


E(p)(r—As) 


(1) Re(Kr LK) SE 


(2) 
(3) 


where Ky is the optimizing value of K, and 
L(K,) is the value of L that satisfies (2). 

In (1), r<s<r,, with R strictly concave 
implies O0<A <1; in fact, it is clear from (1) 
that 0<A<r/s<1. Further, since (3) holds 
as an equality, we have 


I1,(Ky)=(s—r)E(p) Kr 


where II,(K,) denotes the maximum value 
of profits under a turnkey contract, given 
that the utility is subject to rate-of-return 
regulation. 

When we turn to the case of a conven- 
tional contract for the purchase of capital 
goods, things are somewhat more com- 
plicated. The scenario we assume is the 
following. The utility must choose the value 
of K before p is observed. Once K is chosen 
and p is observed, then the utility chooses L 
in a. profit-maximizing fashion, subject to 
the rate-of-return constraint. 

As above, for any K, define L(K) as that 
value of L that satisfies R,(K,L(K))=w. 
L(K) is the value of L that would be cho- 
sen, given K, if there were no rate-of-return 
constraint restricting choices. 

Given K, let p*(K) denote the value of p 
that satisfies 


p*(K)= 


R, (Kr, L(K;))=w 


sE(p)Kr= R( Ky, L(Ky)) — wL (Kz) 


R(K, L(K))-— wL(K) 
sK 


For p >p*(K), the rate-of-return constraint 
is ineffective and L= L(K), while if p< 
p*(K), the constraint is effective and L= 
L*(K), where L*(K) satisfies R[K,L*(K)] 
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—wL*(K)—rpK= spK. Profits under a con- 
ventional contract then are given by 


R(K, L(K)) — wL(K) — pK 
for R(K,L(K)) 
— wL(K \SspK 


(s—r)pK 
for R(K;L(K))— wL(K)2 spK 


II¢(p,K)= 


In brief, for any given K, profits are the 
maximum possible for that K (ie, L= 
E(K)) so long as p is large enough so that 
the rate-of-return constraint is not binding, 
i.e, pa p*(K). If p is so small that choosing 
L= L(K) would violate the rate of return 
constraint, i.e., pS p*(K), then L is chosen 
so that profits equal the maximum per- 
mitted under rate-of-return regulation. 

Rewriting, we have 


R(K,L(K))~ wL(K)— pK 


for p2p*(K) 
(s—r)pK for pSp*(K) 


II(p,K)= 


An expected income-maximizing utility then 
chooses K to solve the problem. 


as f ae ~ r)pKf( p)dp + 

f” [RUKL(K)) - wL(K)— pK] K(p)dp 

p*(K) 
with first-order condition requiring that at 
the optimizing K, Ko» 
4) SE- 

Sar [ETPA 
Rewriting, we have 
(4) 
rE(p)—3 f” ftp) dp 
(1 — F(p*)) 


where Ko is the optimizing choice of K. 


Rg(Kc, L(Ke)) ee 
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P(K) 





Rx [K,L0K)] 
Km Ko K 





FIGURE |. Kc >Ku 


We first show that Ky, <Kc for r<s<ry,, 
where K,, is the value of K that would be 
chosen by an unregulated monopolist. Strict 
concavity of R in K, L implies dR,/dK<0.° 
In (4’) let 


rE(p)—s f ” fl pjd 


WK) = — AFO 
Then ¥'(K)= (Tz Hre 
(e 


dp* __ ~ EUW¢(K) 
dK . [1—F(p*)|sK? 





with 


Hence ¥’(K)20, with W’(K,,)>0. More- 
over, lim, ,,.¥(K)=rE(p), while R,{Ky, 
‘L(Ky))=rE(p) where Ky is the choice 
of capital by the unregulated monopolist. 
Hence the graphs of Ry, VW(K ) appear as in 
Figure 1 with Kc > Ky. 


This is easy to see as 


dR,(K,L(K)) 
ee = Reet Rep 


dL(K) 
dK 


dL(K) _ 


where aK 


—R 
—— from R,(K,L(K))=w 
LL 


dRg(K, L(K)) 
dK Riz 


Hence <0 
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We next show that Ko <K,. Under a con- 
ventional contract, profits II. are given by 


R(K, L(K)) — wL(K)— pK 


Ie(p,K)= _ forpZ2p*(K) 
(s—r)pK for p Sp*(K) 
Thus 
Rg(K,L(K))— rp 
dll (p,K) for p2p*(K) 
=h(p,K 
0K (P-K) (s—r)p 
for p Sp*(K) 
so that . | 
oh(p,K) _ -r  forp>p*(K) 


ap = 5K seit -| (s—r) forp<p*(K) 


with 07h(p,K)/dp?=0, p#p*(K). Hence 
h(p,K) is concave in p as shown in Figure 2. 

Consequently, E{h(p, K)} <h{E(p), K} 
for any K >0, assuming f(p) is nondegen- 
erate with f(p,)>0; f(p,>0 for some 
Pı <P*(K) <p; otherwise E{h(p, K)} = 
h{E(p), K}. 

The optimizing rule under conventional 
contracting is to choose K= Ko such that 
E{h(p, K-)} =0; that is, the expected value 
of marginal profitability of capital equals 
zero. Under a turnkey contract, the optimiz- 
ing rule is to choose K=K, such that 
h(E(p), K,)=0; that is, the marginal profit- 
ability of capital at its expected price equals 
zero. To see this, recall that 


R,y(K,L(K))— 1p for p2p*(K) 


h(p,K)= | (s—r)p for p Sp*(K) 


Thus | 
R,(K, L(K))—rE(p) 
for E(p)2p*(K) 


(s—r)E(p) 
. for E(p)Sp*(K) 


h(E(p),K)= 


Since, under a turnkey contract, the util- 
ity solves the problem maxIT,= R(K,L)— 
~rE(p)K, subject to sE(p)K— R(K,L) 
—wL2 0 with solution II,= R(K;, L(K7)) 
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-h(p,K) 








slope=(s-r)>0 


a slope= -r <O 


p*(K) p 


FIGURE 2. h(p, K) FOR K FIXED 


~ wL(K,)— rE(p)K,=(s—r)E(p)K7, it fol- 

lows that for KSK,,(E(p)Sp*(K)), the 
constraint is binding and marginal profita- 
bility is (s—r)E(p); for KZ K,(E(p)2 
p*(K)), the constraint is not binding and 
marginal profitability is R,(K, L(K) — 
rE(p). 

Hence under a turnkey contract, K is 
chosen so that K=K, with Kp satisfy- 
ing h(E(p), K,)=0. Since dh(p, K)/dK <0, 
E{h(p, K)} <ACE(p),K) for any K implies 
Ko <, as shown in Figure 3; that is, less 
capital is ordered under conventional con- 
tracting than under a turnkey contract. 

Recalling the definition of p*(K) and 
EVI.(K) we have Ell .(K)=K{s[p*d—- 
F(p*)) + sé ‘Pf(p)dp)} —rE(p). Since p*[1—- 
F(p*)|+ SE pf(p)dp <E(p) for F(p*) <1, it 
follows that EII.(K) < II,(K) =(s - 
r)E(p)K. Since K.<K;, we have finally 
EII.(K-)<II,(K,) so that the utility pre- 
fers the turnkey contract.4 


“This assumes r<s<rjy. If s=ryy, then the rate-of- 
return constraint is no longer binding so that p* =0 and 
A=0. The problem under a conventional contract re- 
duces to 


max f (RCK, L(K)) — wL(K) — pK) f(_p) dp, 
with Ry( Ko, L{Ke)) = rE(p) 


Thus when s=ry, the utility sets Koe= Ky, and ex- 
pected profits are the same under a conventional con- 
tract as under a turnkey contract. If s=r, the optimal 
choice under a conventional contract is to choose Ko = 
0 since profits can never be positive and will be nega- 
tive for some p if F(p*)< 1 with K >0. Hence expected 
profits are zero with Ko- =0. On the other hand, 
II,(K,)=0 for every Ky when s=r. Hence the utility is 
indifferent between a conventional contract and a turn- 
key contract when s=r. 
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E {h(p,K)} 


HE (p)K) 


Ke Ki K 


FIGURE 3. E {h(p,K)}AND h(E(p), K) 


PROPOSITION 1: Given an A-J model of 
the regulated firm, with revenue strictly con- 
cave in K,L, and with r<s<r,,, an expected 
income-maximizing utility will order more 
units of capital under a turnkey contract than 
under a conventional contract, and profits un- 
der a turnkey contract will be higher than 
expected profits under a conventional con- 
tract. If s=r or s=ry,, the utility is indiffer- 
ent between a turnkey contract and a conven- 
tional contract. 


Turnkey contracts are almost unprece- 
dented in the U.S. electric utility industry; 
nonetheless the A-J model implies that ex- 
pected income-maximizing utilities would be 
willing to pay a premium for such contracts. 
To- square this result with the history of the 
electric utility industry would require the 
assumption that contractors are risk averse, 
and in fact are more risk averse (in some 
sense) than utilities, an assumption that 
lacks much in the way of intuitive appeal. 

What this exercise suggests is that there 
are problems with at least the version of the 
A-J model that we have employed, and in 
fact it is not difficult to identify what those 
problems are. In the A-J model, there is 
only rate-of-return regulation and it is 
assumed to be always binding (in the cer- 
tainty case). But in fact there are two in- 
equalities of relevance in regulated in- 
dustries, namely, 


R(K, L)—wL SspK 


and R(K,L)'— wL2 pK 


When utilities are observed to violate the 
first constraint then it is the Public Utilities 
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Commission (PUC) or intervenor groups 
that institute regulatory review; but when 
the second constraint (earning at least the 
market rate of return on capital) is violated, 
it is the utility that institutes the review 
process. Increasingly over the past ten 
to fifteen years, it has been the second 
constraint rather than the first that has 
been relevant to utility decision making as 
Joskow has documented. 

Moreover, rate-of-return regulation is al- 
most always accompanied by output-pricing 
regulation, so that the utility in fact is not 
able to choose its revenue freely subject 
only to rate-of-return considerations. The 
existence of output-price regulations cou- 
pled with common carrier requirements pro- 
vides an explanation for the observed fact 
that electric utilities operate in the inelastic 
portion of their. demand curves. We attempt 
to incorporate some of these considerations 
into an admittedly highly simplified model 
of a “Joskow-type” regulated utility in the 
next section. 


' TI. A Joskow-Type Model of the 
Regulated Utility 


The variant of the Joskow model that we 
employ incorporates the following basic 
assumptions: 

1) the price of output P is set by the 
regulatory agency; 

2) output X is given by X=F(K,L), 
where F is characterized by increasing re- 
turns to scale; 

3) the utility must meet the common 
carrier requirement, X2 D(P), where D(P) 
is demand at the output price P. 

Profits for the utility are given by 


Il= PD(P)—wLh—rpK 


In general, the price-setting rules for the 
regulatory commission will depend upon 
both the rate-of-return constraint and the 
nonnegativity of profits constraint. We con- 
sider only a simplified version of this model, 
namely one in which regulatory review is 
initiated by the utility only, so that the rate- 
of-return constraint does not operate to 
limit profits. Under this simplified version 
of the Joskow model, P is set according to 


JUNE 1980 
the rules 
_ Pa if TI(Py,p,K,L)20 
P,(p,K,L) if TI( Pop, K, L) = 0 


where P, is defined by II(P,(p,K, L), K, L) 
= (), 

Thus it is assumed that there is some 
historically determined P, perhaps based 
on rate-of-return considerations using val- 
ues of p and K from some test period, which 
will remain in force so long as the utility 
earns at least the market rate of return r on 
its capital. If however, the utility, given Po, 
would show a rate of return on its capital 
less than r, then the utility institutes a rate 
review and obtains a rate hike just sufficient 
to enable it to earn the rate of return r. 

We begin our analysis of this simple 
model with the assumption that, for the 
relevant range of all variables, D(P) is in- 
elastic. Thus the utility is always able to 
increase revenue by increasing P. Clearly 
this is unrealistic for sufficiently large values 
of P, and the conclusions derived for the 
simple model have to be reexamined when 
the possibility of an elastic segment of the 
demand curve occurring is admitted. It is 
also unrealistic to assume that the PUC 
would stand still for extremely high profit 
levels; the rate-of-return constraint certainly 
comes into play for profits sufficiently large. 
But we ignore this complication in the 
present paper. 

Under a turnkey contract, the utility 
solves the problem max, I= P, P(Po)— 
wL — rE(p)K subject to the constraint 
F(K,L)2 D(P,). Let H denote the La- 
grangian, where H =II+A(F(K, L)— D(P))). 
Then the first-order conditions are given by 


AF (Ky, Ly) — rE(p)=0 


AF, (K7,Ly7)—w=0 
F( Ky, Ly) = D(Po) 


‘We purposely understate our case here as one 
would expect utility-initiated proceedings to be directed 
towards a rate hike that would generate the maximum 
allowable rate of return other than merely zero profits. 
However, recent regulatory agency decisions of a less- 
lenient nature suggest a more cautious analytical ap- 
proach. 
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where K,,L, are the optimizing choices of 
K,L. Define L(P,K) by F[K,L(P,K)]= 
D(P) and let Il,(K,;) denote the maximum 
value of II subject to the common carrier 
constraint. Then® 


II,( Ky) = PoD( Po) — wL( Po, Kr) — rE(p) Kr 


If the utility uses conventional contract- 
ing procedures, then its decision problem is 
more complex because it must choose K 
before the price per unit of capital, p, is 
known. Then it chooses L to meet demand. 
Thus given P, and K, L( Po, K) is the number 
of units of variable inputs required to meet 
the common carrier requirement for the 
utility. 

For any given K, define PXK) as that 
price per unit of capital that satisfies 


PoD( Po) — wL( Po, K)— p"(K) K =0 


That is, for any choice of K and for the 
implied choice of L to meet demand D(P,), 
p°(K) is the price of capital at which P, 
equals average cost so that profits above the 
competitive return on capital, rpK, are zero. 
If the observed price of capital exceeds 
p°(K), then the utility initiates review pro- 
ceedings and has its rate adjusted to P}, the 
output price which equals average cost for 
the observed p. Thus an expected income- 
maximizing utility solves the problem 


= [Pp 
max ETI, Í { PFO DCP.) 


—wL(Po,K)— rpK} f(p)dp 


+ fa PPKLP.) 


—wL(P,,K)— pK} f(p)dp 


Since the second integrand is identically 
zero for every p >p°(K), the first-order con- 
dition reduces to 


0 OL( Po, K, 
[| wee -|o= 


6P is assumed to be such that II,({K,)>0 for 
Kr>0. 
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where Ke is the optimizing choice of K 
under conventional contracting. Thus, the 
maximum value of EII,, denoted by 
EVI (Ke), is given by 


E (Ke) = Í PRC), p oD (Po) 


-wL(PoKc)—rpKe} Kp)dp 


A direct argument establishes that 
EIlle(Ke)>Il{K7) so that the utility pre- 
fers conventional contracting to a turnkey 
contract, Assume that under a conventional 
contract the utility employed the same stock 
of capital as was optimal under a turnkey 
contract. Then we have 


ENK) -TAKY f ERU 


~ P,D(Po) | flip) 4p 
+w f enn Kr) - L(P »Kr) | f (p)dp 


Note p>p°(K,) implies P,>P); with in- 
elastic demand, P,D(P,)>P )D(P>) for all 
p>p(K;). Similarly, since 


D(P,)<D(Po) for p>p(Kp), 
L( Po, Kr) > L(P,, Kr) 


Therefore, EII.(K,)>II,(K,); that is, ex- 
pected profits are higher under conventional 
contracting than under turnkey contracting 
when the utility chooses the same K in both 
cases. Because the utility will choose Ke 
Ky only if the change increases expected 
profits, it follows that conventional con- 
tracting always provides expected profits at 
least as large as EII,.(K;). Hence, EII.(K,) 
ZE TI .(K,)>I1,(K,), and the utility al- 
ways prefers conventional contracting to the 
use of turnkey contracts. 

Further, more units of capital are ordered 
under conventional contracting than in the 
turnkey situation. To see this, rewrite the 
first-order condition in the case of a conven- 
tional contract as 


eee eestimaa reeeo a era i ea 


F| (pP(Ko)) 
=E(p|p <p(K,)) 


348 l THE AMERICAN ECONOMIC REVIEW 





F(K,L(PgK)}= D(Pp) 





e Mtr ghee aeaa aa ANA AG OO 


LIPo, Ky? 


LIP Ko) 


hint ahaa ii NY HI A I SR SOR A 


Ky Ke K 


FIGURE 4. MARGINAL CONDITIONS FOR TURNKEY 
vs. CONVENTIONAL CONTRACTING 


The right-hand side is the expected value 
of p given that p< p°(K,). Except for the 
degenerate case F(p°(D.))=1, we have 
E(p|p < p’)<E(p)= fpf p)dp. In the turn- 
key case, the first-order conditions re- 
duce to 


FAK, L 
WwW K ( T r) ee E(p) 
r Fi({Kr,Lr) 
‘where F(Kr, Lr)= D(Po), hence —dL(Po, 
K7)/3K = Fk(Kr, Lr)/ Fı(Kr, Lr) so that 
we have —(w/r)(OL( Po, Kr)}/3K)= E(p) for 
the turnkey case, hence (—)(0L( Po, K-)/9K)< 
(—)(@L(Po, Kr)/3K). As ( —)(8L(Po,K)/8K) 
is the marginal rate of substitution between 
capital and variable factors along the iso- 
quant F[K, L( Po, K)]= D( Po), quasi concav- 
ity of F` implies (—)(0L(Po, K-)/9K) < 
(—)(OL(Po, Ky) /9K) if and only if Ko >Ky 
as shown in Figure 4. Thus we have estab- 
lished: 


PROPOSITION 2: In a Joskow-type model 
of utility-initiated regulatory review in which 
the rate-of-return constraint is never active 
and in. which demand for output is inelastic 
over the entire range of outcomes, an expected 


income-maximizing utility will prefer a con- 


ventional contract to a turnkey contract 
(EIlc >I), and will order more units of 
capital under a conventional contract than 
under a turnkey contract. 


JUNE 1980 


The intuitive reason for the utility’s pref- 
erence for a “risky” alternative to the risk- 
free turnkey contract is that the nonnegativ- 
ity of profits constraint enables the utility to 
pass on to its customers cost overruns, while 
the utility itself captures excess profits from 
low observed values of p. 

The assumption that demand is inelastic 
over the entire range of outcomes is unreal- 
istic. However, the major result of Proposi- 
tion 2, namely that utilities prefer conven- 
tional contracting to a turnkey ‘contract, still 
holds when demand is elastic for sufficiently 
large P. To see this, let P, be such that 
P,D(P,) maximizes revenue over all values 
of P. Define p'(K) as that value of p such 
that 


P,D(P,)— wL(P,, K) = 1p'(K)K 


Thus, for a given value of K, p'(K) is the 
price per unit of capital that is so large that 
only if P=P, will the utility manage to 
break even; for any larger value of p, profits 
will be negative regardless of output prices. 
Clearly for p>p'(K), the utility will request 
that P be set at P, by the regulatory agency 
unless profits are actually. higher in élastic 


. range of demand. For simplicity, we will 


assume that II is higher at P, than at P>P,,- 
but our conclusion in no way depends on 


this assumption. 


Expected profits now are given by 

0 Kyje. 

ETc= f” i T PyDo( Po) 
0 
—WwL(Po,K)— pK | f(p)dp 
Wk 
+f? T P\(p, K/L) D(P,) 
P (K) 
~wL(P,,K)— pK] f(p)dp 
+f [PD(P)-wL(P,K) 

P (K) 


—rpK] fp) dp 


In this expression, the first integral is pos- 
itive, the second is zero, and the third is 
negative. E l 
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ronge where 
P= Po 





BURNESS ET AL.: REGULATED FIRM 349 


p°(K) p!( K) 


FIGURE 5. II-(p; K)AS A FUNCTION OF p FOR GIVEN K 


"The first-order condition characterizing 
an optimum is then 


pe. jee rp) Np adp 
j OL(P,, Kc) 
+ J “ol Loa a rp) p)ap = 


where Kc denotes the optimizing value of K. 
Then 


E W¢(Ke) = f oo P,D( Po) — wL( Po, Kc) 
0 
© — pK] f(p) dp 
” TPD(P)-wL(Pp Ko) 
ar (P-We ) 
: —PKc] f(p)dp 


But it is clear that the same argument 
applied earlier. to show that EIlo(Kc)> 
II,(K,) when demand was inelastic applies 
here as well, since in the range p >p!', reve- 
nue is constant; thus the argument given 
earlier applies in full to this problem. Hence 


again the utility prefers the conventional 


contract to a turnkey contract. 


Given that demand is elastic for P >P,, 
will the utility continue to hire more units of 
capital under a conventional contract than 
under a turnkey contract? Rewrite the first- 
order condition above as 


a F(p 0) OA o fc) LPo Ko) 
+(1 — F(p Nae a ) 


i PoC) pil) + te | RAOL 


Because 0L(P,K,)/dK is evaluated at 
both P = Po P= P (X = D(P,), X = D(P,)), it 
is clear that there is no way to determine the 
relationship between K, and Kc for an arbi- 
trary quasi-concave production function 
F(K, L). Hence we have: 


PROPOSITION 3: Under the conditions of 
Proposition 2, but dropping the assumption 
that demand is always inelastic, then an ex- 
pected income-maximizing utility will prefer a 
conventional contract to a turnkey contract. If 
demand is always inelastic, more capital is 
ordered under conventional contracting than 
under a turnkey contract, but the comparison 
is ambiguous if elastic portions of the demand 
curve exist. 
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Given the Joskow-type model of this sec- 
tion, the utility tends to prefer “risky” op- 
tions to safe options because utility-initiated 
regulatory proceedings either eliminate or 
diminish the magnitude of negative profits. 
Figure 5 illustrates the profit function for a 
regulated utility under utility-initiated rate- 
of-return review. For a given value of K, 
profits II..(p; K) are positive with P = P, for 
p<p (K); Uc(p; K)= 0 with P= P (p,K) 
for p(K)<p <p (K); Ile(p,K)<0 with P 
= P, for p >p (K). 

In fact, it can be shown that given a 
choice among probability distributions fp) 
all with the same mean E(p), the Joskow- 
type utility operating with only the non- 
negativity of profits constraint will prefer 
that distribution with maximum dispersion. 
To show this, assume for simplicity that 
there is some finite p=p, such that f(p) 
=0 for p>p,, and that profits H(p) are 
bounded at II(0). Formally, assuming de- 
mand is always inelastic, the utility is to 
choose f(p) so as to 


ren (IPAP) 


subjectto f(p)20, f"'/(p)dp=1, 
f ”" ofp) dp = E(p) 


Where II(p)z 0 for all p (demand i is always 
inelastic) and dll /dp <0 for p<p°; dII/dp 
=(Q(II(p)=0) for p >p?. Then the optimum 
choice of f(p) is 


1- 22) for p =0 


H 


f(p)=3 0 for 0<p <p, 


Elp) for p= py 
Pu 


The rationale underlying this solution to a 


linear variational problem is perhaps seen 
most easily if one considers. the discrete 


counterpart of the pana where p takes. 


on the values po,...,Py,P;>P;, for i>j, Po" 
0 Py =Py. Let x= {probabi ity with which 
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p=p;}. Then the oo becomes 


max > Ti(p,); 
{xi} 7=9 
subject to 
N N >. 
x;2 0, > x,=1, 2, P:X;=E(p) 
i=0 i=0 


This LP problem involves N+1 variables 
and two constraints (excluding nonnegativ- 
ity constraints), hence an optimal solution 
need involve no more than two positive x;s. 


. Since II(p) is decreasing and convex in p, as 


much weight as possible should be placed 
on II(0) subject to the expected value con- 
straint. Thus x, attains its largest admissible 
value when x,=0, i=1,...,.N—1 and x,= 
E(p)/Py, with xo=1— E(p)/py. 

Note that this conclusion extends to the 
case of. elastic portions of the demand func- 
tion as well, except that p,, now becomes the 
maximum value of p such that TI(p)=0. 


PROPOSITION 4: In a Joskow-type model 
as in this section, given a choice among prob- 
ability distributions over the price per unit of 
capital all with the same expected value E(p), 
the utility will choose that distribution with 
maximum dispersion over values of p that 
produce nonnegative profits, with optimal 
choice Pr{ p=0}=1—E(p)/py, Pr{ p=py} 
= E( p)/ py, where py is the largest value of p 
such that II( p)=0. 


A feature of the Joskow argument which 
has been ignored thus far is the fact that 
regulatory proceedings take time and are 
not costless. During proceedings cost over- 
runs must be borne by the utilities. One 
would expect that cognizance of these costs 
would weaken or reverse some of the results 
derived above, but this is not necessarily the 


` case. Although the effects of cost overruns 


and regulatory review involve dynamic con- 
siderations, we stylize them within the con- 
text of our simple static model so as to- 
maintain symmetry with the earlier exposi- 
tion. 

To incorporate these possibilities we let 
A(p) be the annualized costs of the regula- 
tory proceedings and C(p) be the annual- 
ized costs of cost overruns. We define p (K) 
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~(A(p)+C(p)) 
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FIGURE 6. II o(p, K) WHEN REGULATORY PROCEEDINGS ARE NOT COSTLESS 


as the lowest’ price of capital for which 
PoD(Po)— wL( Po, K)—rpi(K)K 


=—[A(p,)+C(p,)] 


That is, p,(K) is the lowest price of capital 
for which it is marginally worthwhile for the 
utility to initiate review proceedings. While 
A(p)>0 for all p,C(p)=0 for pSpK): 
however p,(K)>p°(K) so that C(p,)>0. 
Also it is natural to assume that A(p) and 
C(p) are nondecreasing functions of p. 
When p>p,(K) and p is close to p, the 
utility initiates review proceedings and rates 
are hiked to P,, where 


P,D(P,)-wL(P,,K)- p, (K)K=0 


Clearly P, >P,, as we explicitly assume that 
the costs of the review proceedings and. cost 
overruns must be borne by the utility and 
cannot be passed on to consumers.’ 

In a similar fashion we define P (K) by 


P,D(P2) — wL(P2, K)—rpu(K)K 


=~ [| A(py)+C(py) | 


assuming again for expositional simplicity 


"For simplicity we suppose that for each K, p,(K) is 
unique and that P,D(P,)—wL(P,K)—~ pK < — R(p) 
—C(p) for p>p,;(K). However, our argument gener- 
alizes (with some notational clutter) for multiple p; (K). 

BIf this were not true then p; =p? and P, would be 
defined by P, D(P,)— wL(P,,K)— rp°(K)K = — A(p°) 
as C(p*)=0. However, this does not qualitatively affect 
the analysis. 


that p,(K) is unique for each K and that 
P,D(P.)— wL(P2, K)— pK 


<—[A(p)+C(p)] 


for p >py(K), where P, is defined as before. 
We now have 


for p < p,(K) 
i=] AC) Cl) 
j for p (K) <p <Py(K) 
P,D(P,)— wL(Pp K)— pK 
—A(p)—- C(p) for p >Py(K) 


By the structure thus imposed we have 
Il ..(p, K) 2 I1,(p,K) for all p with strict in- 
equality for p >p (K). By the order-preserv- 
ing property of the integral, EII.(p,K)> 
Il,(E(p), K), with strict inequality if 
Pr{p>p,(K)}>0; likewise, similar to the 
earlier demonstration, Ko > Kpr provided de- 
mand is inelastic. We summarize these re- 
sults as Proposition 5 and depict the profit 
function in Figure 6. 


PROPOSITION 5: Under the conditions of 
Proposition 3 where, in addition, the utility 
incurs costs A(p) upon initiating rate review 
proceedings and C(p) from cost overrun 
during proceedings, conventional contracting 
is preferred to turnkey contracting. Moreover, 
if demand is inelastic over all possible out- 
comes, more capital is ordered under a con- 
ventional contract than the turnkey contract. 


352 THE AMERICAN ECONOMIC REVIEW 


In effect, this result states that whenever 
initiating a rate review is preferred to fore- 
going the review, the utility with the conven- 
tional contracting avails itself of this option 
and improves its position vis-a-vis the 
turnkey utility. While the possibility of mul- 
tiple p,(K)s and P,(K)s complicates the 
analysis, it does not alter the conclusion. 


HI. The Turnkey Era in Nuclear Power 


An application of the theory developed in 
this paper is to the so-called turnkey era in 
.the development of the commercial nuclear 
power industry in the United States, roughly 
from 1963 through mid-1966. Prior to this 
period, nuclear power was a heavily sub- 
sidized stepchild of the Atomic Energy 
Commission, which assisted in research and 
development activities of reactor manu- 
facturers and utilities. But in 1963, first 
General Electric and then Westinghouse— 
the two leading reactor manufacturers 
—announced the availability of fixed-price 
contracts for complete nuclear power units 
in the 600—1,000 MWe (megawatts electric) 
range, at prices that made nuclear power 
competitive with coal for much of the 
country. These were called turnkey con- 
tracts because the reactor manufacturers 
agreed to take on all of the responsibilities 
for design, building, and testing of the units 
(including meeting regulatory guidelines), 
simply turning the key over to the utility 
when the plant was ready for commercial 
operation. Moreover, these turnkey con- 
tracts were available at guaranteed prices. 

The turnkey era ended in June of 1966 
when General Electric announced the ter- 
mination of its turnkey contract program. 
During the era there were twenty nuclear 
units ordered, thirteen under fixed-price 
contracts and seven under conventional 
(cost-plus) contracts with utilities bearing 
cost risks in the case of the conventional 
contracts. 

The most striking features of the turnkey 
era were first the fact that actual costs (to 
the reactor manufactureres) of the turnkey 
units far exceeded quoted prices, so that 
General Electric and Westinghouse lost a 
combined total of nearly $1 billion on the 
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thirteen turnkey units; and second, that the 
close of the turnkey era was followed by an 
upsurge in orders for nuclear units. Thus 
orders for nuclear units were four in 1963, 
zero in 1964, seven in 1965 and eight in 1966 
through June; twelve in the second half of 
1966, and thirty in 1967. 

There are of course a number of explana- 
tions for the rise of the nuclear power in- 
dustry from the mid-1960’s on: increases in 
capital and fuel costs of coal, natural gas, 
and oil units, demonstration of the technical 
feasibility and economic viability of large 
nuclear units, the rise of environmental con- 
cern with stack emissions and the like. The 
theory developed in this paper argues that 
another factor at work was the regulatory 
environment that utilities found themselves 
in from the 1960’s on; namely an environ- 
ment in which the operative constraint was 
the zero-profit constraint rather than the 
allowed rate-of-return constraint. 

When an attempt is made to test the 
theory at the level of individual utilities 
placing orders for nuclear units, the results 
are ambiguous, The theory argues that utili- 
ties bumping against the rate-of-return 
constraint should find fixed-price units de- 
sirable, while utilities at the zero-profit con- 
straint should find conventional units the 
better choice. But of course there are prob- 
lems in moving from the simple model pre- 
sented above to decision problems facing 
utilities, not the least of which is the long 
lead time between ordering a nuclear unit 
and the time it comes on line, much less the 
time before it is retired. And certainly it is 
the utility’s judgment of its prospective regu- 
latory situation over such future periods 
that is relevant in making choices as to 
contracting for nuclear units. 

Beyond this, the fact that the turnkey 
units ended up costing from two to three 
times the price quoted by General Electric 
or Westinghouse means that they turned out 
to be bargains relative to the nonturnkey 
units. Differences in beliefs as to the proba- 
bility distribution of costs provide more 
than enough of a rationale for choices be- 
tween turnkey and nonturnkey contracts. 

Table 1 presents data on actual rates of 
return on rate-base capital together with 
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TABLE 1—RATES OF RETURN ON RATE-BASE CAPITAL AND ALLOWED RATES OF RETURN 1961—65, 1966-70, 
BY UTILITIES ORDERING NUCLEAR Units DURING THE TURNKEY ERA 





Sources: Statistics of Privately Owned Public Utilities, 1961-70; Public Utility Reports. 


“Shown in percent. 


Company and Plant Average Rate of Return® Allowed Rate of Return* 
and . Year of on Rate-Base Capital Pre-Turnkey Post-Turnkey 
Ownership Share Order 1961-65 1966--70 1957-65 1966-70 
Turnkey Units? 
Iowa-Illinois G&E : 
Quad Cities 1&2 (25%) 1966 8.22 8.42 5.85 ('60) _ 
Commonwealth Edison 
Quad Cities 1&2 (75%) 1966 8.00 7.95 5.85 (°58) 7.0 (70) 
Dresden 2&3 1965 
Northern States Power 
Monticello 1966 7.95 8.13 5.96 (57) — 
Wisconsin Elec. Power 
Point Beach 1&2 (50%) 1966 6.49 6.81 ` 6.0 (58) — 
Wisconsin Mich. Power 
Point Beach 1&2 (50%) 1967 5.94 6.30 6.15 (61) 7.67 (69) 
6.0 (64) 7.65 (70) 
Carolina P&L 
Robinson 2 1966 7.14 7.02 4.08 (63 — 
Rochester G&E 
. Ginna 1965 6.78 7.72 6.2-6.3 (63) 6.2-6.3 ('68) 
Jersey Central Power . | 
Oyster Creek 1963 6.87 | 7.38: 6.0 (‘60)° 7.57-7.75 (70) 
So. Cal. Edison . p 
San Onofre (80%) 1963 6.64 ` 6.88 6.35 (61) 7.35 (69) 
San Diego G&E 
San Onofre 20%) 1963 6.32 7.04 6.35 (61) 7.35 (‘699° 
Hartford Elec. Lt. 
Millstone (28%) 1965 6.54 7.30 6.06 (61) 7.5 (70) 
West Mass. Elec. 
Millstone (19%) 1965 1.34 7.64 ~ — 
Conn. Lt. & Power 
Millstone (53%) 1965 6.79 7.69 6.06 (’61)° 7.5 (70 
Connecticut 1963 
Yankee (25%) 
Nonturnkey Units® 
Boston Edison 
Pilgrim i 1965 7.06 7.69 5.7 (59) — 
Niagara-Mohawk : l 
Nine Mile Point 1963 5.90 6.04 6.2-6.3 (63)? 6.2-6.3 (68) 
Florida P&L 6.95 ('66) 
Turkey Point 3 1965 8.26 8.46 6.98 57) 7.08 (67) 
7.1-7.6 ('69)° 
Consumers Power i 
Palisades _ 1966 7.20 7.64 6.36 ('63) 7.2 (70) 
Consolidated Edison -E 
Indian Point 2 1965 5.29 5.62 6.2--6.3 (61) 6.2—6.3 (’68) 
7.28 (70) 


bAllowed rate of return for another utility in the state. 

Only utilities owning at least 10 percent of a nuclear unit are included. Indian Point 2 is classified as a turnkey 
unit in several other studies of the turnkey era. However, the unit was clearly not contracted for on a fixed price 
contract, as is indicated by an almost doubling of the reported price of the unit between the ordering date and the 
date of operation (from $121 /kw to $212/kw). Hence we have classified Indian Point 2 as nonturnkey for purposes 
of this table. Browns Ferry 1&2 (TVA) was excluded because TVA is publicly owned. 
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allowed rates of return, for privately owned 
utilities ordering reactors during the turnkey 
era. All privately owned firms with an inter- 
est of 10 percent or more in a reactor 
ordered during the era are included in the 
table. Actual rates of return are those 
calculated by the Federal Power Commis- 
sion, averaged over the five-year periods, 
1961-65 and 1966—70. Allowed rates of re- 
turn are those laid down in PUC and/or 
court decisions as of the dates indicated. 
Allowed rates of return vary over time and 
are stated formally only in the course of rate 
reviews which, as Joskow has pointed out, 
occurred relatively infrequently during the 
1960’s. As. a consequence we have included 
all reported allowed rates of return (together 
with dates) for the utilities, between 1957 
and 1970. For certain utilities, there were no 
rate reviews during this period so we have 
included in the table the allowed rate of 
return for other utilities in the same state. 

We present data for the “pre-turnkey” (up 
to 1965) and “post-turnkey” (1966-70) eras, 
both for average rate of return and allowed 
rates of return. This permits one to use 
either an historical or a rational expecta- 
tions approach to the issue of whether the 
actual rate of return is above or below the 
allowed rate of return. 

Some simplistic comparisons can be made 
from the data in Table 1. Crudely, one 
might argue that high rates of return either 
during the ordering period (1961-65) or 
during the construction period (1966-70) 
would indicate a higher probability of 
bumping into the allowed rate-of-return 
constraint and conversely for low rates of 
‘return. But in fact there is no significant 
difference between the average rank of ac- 
tual rates of return for turnkey and non- 
turnkey purchasers (average rank, turnkey 
purchasers <~8, average rank, nonturnkey 
purchasers = 10). 

But because of differences in allowed 
rates of return among states, a ranking sim- 
ply in terms of actual rates of return is 
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certainly flawed. Comparing actual rates of 
return with allowed rates of return, we find 
that ten of twelve turnkey purchasers earned 
above the allowed rate of return in the 
1961-65 period; and three of five non- 
turnkey purchasers earned above the al- 
lowed rates of return. In the 1966-70 
period, two of eight turnkey purchasers 
earned above the allowed rate of return 
along with one of four nonturnkey 
purchasers. 

While these crude comparisons tend 
slightly to agree with the theoretical conclu- 
sion that firms bumping against the allowed 
rate of return tend to favor turnkey con- 
tracts while firms bumping against the 
zero-profit constraint tend to favor conven- 
tional (nonturnkey) contracts, the empirical 
case for the theory has certainly not been 
established.? Perhaps other instances can be 
identified in the history of regulated utilities 
that provide less ambiguous results. 


Ron Braeutigam has noted that the subjective prob- 
ability distributions over costs might have been dis- 
persed enough so that a two-constraint model of the 
utility is needed to explain their choices. 
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Do Union Members Receive 
Compensating Wage Differentials? 


By GREG J. DUNCAN AND FRANK P. STAFFORD* 


Empirical work based on sample survey 


data has shown large wage differentials be- | 


tween union and nonunion workers with 
similar measured personal skills. Several 
authors have hypothesized that these dif- 
ferentials are greater than might be ex- 
plained by unionization or its underlying 
causes.' In this paper we offer two structural 
hypotheses which include a relation between 
unionism and conditions of work. Both hy- 
potheses imply that part or all of the ob- 
served differential will be a compensating 
wage differential for certain conditions of 
work—notably a structured work setting, 
inflexibility of hours, employer-set overtime, 
and a faster work pace—rather than rents 
to union members or differentials attribut- 
able to unmeasured personal skills acquired 
on the job. While one hypothesis specifies 
unionism to be a function of these kinds of 
working conditions, the other specifies these 
. working conditions to be an employer re- 
sponse to unionism. 

Although we are unable to distinguish 
between these two hypotheses, we are 
able to establish the presence of compensat- 
ing wage differentials for union members. 
Union members have a work setting with 
less personal choice in the way in which 
work is organized. For our sample of blue- 
collar workers we estimate that about two- 


*University of Michigan. Research for this paper 
was supported by grants from the National Science 
Foundation (NSF) Special Projects Division and from 
NSF Office of National R and D Assessment to the 
Survey Research Center. The research reflects our 
views rather than those of any federal agency. An 
earlier version of this paper appeared under the title, 
“Pace of Work, Unions and Earnings in Blue Collar 
Jobs.” We would like to thank Theodore Bergstrom, 
‘ George Borts, Richard Freeman, Daniel Hamermesh, 
F. Thomas Juster, James Medoff, Jacob Mincer, 
Melvin Reder, Daniel Saks, and Gary Saxonhouse for 
comments. Dorothy Kempter provided able research 
support. 

'For a review of this literature, see George Johnson. 
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fifths of the union-nonunion differential is a 
compensating wage differential. The re- 
search exploits unique aspects of several 
data sets. 


I. Theoretical Approaches to Workplace, 
Public Goods, and Unionism 


Work pace and work scheduling are dif- 
ferent from the more widely researched de- 
mand for and supply of specific on-the-job 
training, and can be viewed as substitutes for 
highly specialized individual skills. Produc- 
tion organized on a process basis can break 
larger tasks into smaller components which 
require less individual skill. These simpler 
tasks must be sequenced and coordinated, 
and this will require greater economic incen- 
tives in the form of higher wages to com- 
pensate workers for reduced opportunities 
to choose an individual or flexible work 
schedule and an individual work pace. 
These production processes involve greater 
interdependencies among workers and be- 
tween workers, and a larger capital stock 
per worker—-the assembly line is a proto- 
type of such a process. All workers in such 
a work group or plant.will have a set of 
common arguments in their utility func- . 
tions—work pace, length of workday, level 
of protection from injury and illness, tem- 
perature, and other conditions of varying 
importance.” Production may be greatly in- 
creased through a work period with specific 
beginning and ending points identical for all 
workers, a work period with few opportuni- 
ties to take unscheduled breaks, and a 
specified work pace. Many of these working 
conditions are public goods because their 
consumption is nonrival. Consider, for ex- 
ample, the temperature in a large plant. 


*Length of the workday can be common to all 
workers in a given work group (see Alan Deardorff and 
Stafford). 
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While a “comfortable” temperature can be 
provided by the firm to its workers at some 
cost, any given temperature level is con- 
sumed in equal amounts by all workers. 
Other working conditions can be similarly 
shared by all of the workers-in the 
plant. These public good aspects of the 
workplace imply restrictions on individual 
behavior or an imperfect matching of an 
individual worker’s preferences with plant 
-_ policy. Such shared working conditions raise 
questions about possible mechanisms, such 
as labor unions, for choosing levels of the 
goods and compensation of the workers. 
The public goods potential of the work 
place can also arise from the nature of the 
input of effort measured, say, by hours or 
pace of work. It is common to assume sep- 
arability of the effort input of each worker, 
but there are many cases when the input of 
each worker may be highly complementary. 
Suppose output Q is produced according to 


(1)  Q=O(E,K) 


where £ is total effort of the workers and K 
is some other input. Then at one extreme we 
can express E as 


(2) ES > Qe; 


where e, is per worker effort (hours of work, 
for example), a; is an adjustment for effi- 
ciency differences across workers, and n is 
the number of workers. Alternatively, 
suppose 


e e 
(3) E=min( 1, <2,..., %)n 


Then if a,=a,=...=a, all workers 
should work at the same level of effort, for 
the lowest level of effort by any one worker 
will limit the labor input, and a single zeal- 
ous worker will not add to output. If (2) 
characterizes a typing pool, then (3) can be 
thought of as characterizing an assembly 
line. In (3) one worker could unilaterally 
buy additional leisure, perhaps in the form 
_ of an unscheduled break, by paying the 

full value of reduced output (p,(0Q/0E) 
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(JE /de,), where p, is output price), but 
others could also realize added leisure 
without the firm incurring loss of additional 
output just as in the usual public goods case 
where “free riders” may receive benefits. 

There is also the question of group forma- 
tion involving search costs. A group with 
more homogeneous preferences will make 
the public goods problem implied by (3) less 
difficult but will be more costly to organize. 
If the costs of search per worker are high, 
the resulting heterogeneity will add a non- 
trivial dimension to the public goods prob- 
lem. The situation is complicated by the fact 
that workers who are dissatisfied with the 
workgroup’s policies will leave; hence econ- 
omizing on search costs will require higher 
wages to meet the transfer utility of some 
workers, particularly if they are free to leave 
for sectors characterized by (2). 

Before turning to a specific model it is 
useful to summarize the more general appli- 
cability of local public finance theory for 
the organization of groups. In the context of - 
local public finance, Charles Tiebout pro- 
vided an important insight by pointing out 
that the public good aspects of an economic 
unit need not involve a collective choice 
mechanism if people can choose among 
alternative units which offer different com- 
binations of public goods.’ If, for example, 
an individual is dissatisfied with the services 
provided by a local government, he can 
simply move somewhere else. At the other 
extreme, much of the public finance litera- 
ture has centered on possible mechanisms 
for the provision of public goods under the 
assumption of no mobility (see Theodore 
Groves and John Ledyard; Edward Clarke; 
Howard Bowen). The reason that a blend of 
these two approaches may be fruitful in 
analyzing the public goods aspects of the 
workplace is that nonzero search and mobil- 
ity costs prevent a full Tiebout solution. On 
the other hand, these costs are not usually 
so high as to result in a pure public goods 
solution; that is, a zero mobility equilibrium 


3Had Tiebout written his paper after Sherwin Rosen 
(1974} he might have said that citizen-consumers 
choose a community and buy a set of characteristics 
and that these characteristics have implicit (hedonic) 
prices. 
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implied in the Samuelson model (see Paul 
Samuelson). , 

There is a tradeoff involving the costs of 
using the market versus the costs of using 
some mechanism for public choice inside 
the economic unit, particularly in the short 
and intermediate run, when there will be 
incomplete adjustment to exogenous shocks 
experienced by the unit. The relative use of 
the market versus internal mechanisms will 
therefore vary across different types of units 
in real markets. While it is possible to 
organize a contingent to see the manager 
about the customer policies of a given fast 
food place, it is generally more effective to 
choose an alternative place to eat, but if one 
is displeased by national tax policy, one 
may opt for writing one’s senator or joining 
an interest group rather than emigrating. 

For the public goods aspect of the 
workplace to be relevant two conditions 
have to be met in addition to complemen- 
tarities in consumption or work effort. First, 
there must be substantial costs of using the 
market in the form of search costs for the 
firm in finding new workers and mobility 
costs for workers who quit. Second, the 
production unit needs to be subject to a 
number of imperfectly foreseen, exogenous 
shocks over time—-changes in product mar- 
ket, technology, and the like—which will 
require adjustments to meet efficiency con- 
ditions. In light of the new economic en- 
vironment, the firm can be viewed as inher- 
iting a stock of workers, capital, etc. To 
economize on search costs, the inherited 
workers should be canvassed as to prefer- 
ences with respect to the acceptability of 
potential responses to the exogenous events 
in terms of longer or shorter workdays, dif- 
` ferent work assignments, pace of work, and 
so on. This internal demand-revealing func- 


tion can be hypothesized as a purpose for a 


union, relating to the general reference to 
“industrial democracy” and an emphasis on 
shared working conditions in collective 
bargaining. 

Suppose the firm discovers a new tech- 
nology which makes hours of work more 
productive and it would like to have its 
workforce supply more hours of work per 
worker. If search were costless, the firm 
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might decide on a strategy of seeking out 
workers with preferences for longer work 
hours (and perhaps paying a wage premium) 
and firing its stock of inherited workers 
(who would require an even larger premium 
to work longer hours). Note, of course, that 
if there were no interdependencies or com- 
plementarities between hours worked of the 
different workers (i.e., as in (2) where total 
labor hours was the relevant argument in 
the production function), the firm could get 
more labor hours by adding more workers 
and by keeping the hours of the inherited 
workers at the preshock levels. Adjustment 
via the market or internal adjustments is far 
less important with such technology, and 
there would be less need for collective deci- 
sion making about an appropriate response 
by the workers. 

Let us illustrate formally the efficiency 
conditions in light of search costs and the 
potential role of demand revealing mech- 
anisms inside the firm when production re- 
quires the joint presence during the workday 
of all workers in the firm. Consider a firm 
which seeks to maximize profits (II), 


(4) Il=p,Q—-W,-Wy,-cS 


where Q is output sold at price p,, W, is 
the wage bill paid to the A searched workers 
who are accepted for employment (accepted 
workers), W, is the wage bill paid to the M 
of the J inherited workers who are retained 
(retained workers), c is the unit search cost,‘ 
and S$ is the number of prospective em- 
ployees searched. The firm’s production 
function is given as 


(5) Q=Q(h,A+M) 


It is not usual to specify hours per worker 
(h), and number of workers (A + M) as sep- 
arate arguments in a production function. 
Depending on the capital associated with 
the production process, the firm will not 
want an excessive number of workers at a 


A<S,M<l 


“The search costs can also include trial period train- 
ing costs and in general can represent costs of bringing 
new employees into the firm. 
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given location (the size of the building inter- 
ior provides one constraint!), and the pro- 
ductivity of work hours per worker certainly 
declines beyond some point.” Here the 
source of the potential public goods aspect 
is the fact that the hours per worker input is 
written as | 


maj y, 928 ey TT peg TT 
a Q Q a 


Since there is no added output to any 
worker who works “after hours,” h = h, 
=...=hy=...=hysy is replaced in (5) 
with a single decision variable, h. 

The inherited workers have a frequency 
distribution of preferences for hours of work 
given by the parameter 8 with density /(@). 
The firm is a distribution taker in searching 
for new workers from the market with a 
density function given by p(@). The firm 
meets the going utility to attract the workers 
it accepts® and knows that reservation utility 
U, is given by 


(6) U,= 2(8) 
(7) U,= U(X,h;8) 


for all workers regardless of whether they 
are inherited or found. - | 

The average wage bills for the accepted 
and retained workers are 


(8) W,=S f "’p(0)X(8,h) a 


O = Wy=l f "*#(8)X(0,h) dB 


where X(6,h) is the daily wage that the firm 
must pay to meet transfer utility (6) of each 
worker, and upper and lower bounds for 
searched and inherited workers are (@,,,0;) 
and (0',0/), respectively. Here we assume 


5For empirical evidence on the demand for hours 
: per worker and number of workers, see Frank Brech- 


Ssubsequent first-order conditions can be easily 
modified for the case where the firm must set a single 
hours-earnings package and cannot pay exact transfer 
utility. f 


JUNE 1980 


the firm does not engage in sequential sam- 


‘pling but searches for its workforce and 


reaches its employment and hours .decision 
by a search “all at once” with its employ- 
ment agents given a decision rule to accept 
searched workers who fall in the (0; — 83) 
interval and to pay the accepted workers 
enough to meet their transfer utility. 
Optimization consists of maximizing the 
expectation of (4) subject to (5)-(9) via the 
firm's decision variables ĝi, 03, 6/, 97, S, 
and A. To simplify the exposition suppose 
that p(@) and f(@) are rectangular with up- 
per and lower limits of (0,,,0,) and (8,,8,), 
respectively, and that the utility functions of 


' the workers are of a “separable” form, com- 


monly used in demand-revealing models, 
specifically, | 


(10) U(X, T-h,)=X,+0,In(T-h,) 


with T the total hours available per day. Let 
(6) be of the form 


(11) U,=V+b0, (b<0,0,>0) 
The price of the market or private good is 
normalized at 1. . | 

Let R=A+M. Then first-order condi- 
tions for an interior optimum are’ 


„ = T-W))(G5+ 92) 





(12) PQr = V 5 
/ 6-8 
+e rd 
(13) pOp= V+ COTW t0) 
2 
4) v4 CORNED) 


A (b—in(T—h))\(0;, + 03) +e | 
2 61, — 0, 





| o l s(0—02) 
(15) PQ, = A(T- h) (0, = z) 
1(02- 0) 
a 


7Appropriate Kuhn-Tucker conditions are necessary 
when 8; = @, or 6) = 8, 
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From (12) we can say that given an hours 


decision and the upper and lower bounds 
for 8 on searched workers, the firm should 
carry search to the point where the marginal 
revenue product of an additional worker, 
P,Qp, equals the expected daily wage V+ 
(1/2)(5 — In(T — h))(0;,+ 83), plus the ex- 
pected search costs per worker accepted, 
c((6,,— 0z)/(8,,—9;)). The expected wage 
costs are, under the assumption of a rectan- 
gular probability density function, a simple 
average of the transfer daily wage of 
workers at the lower and upper bound 
acceptance values of @. Expected search 
costs per worker increase as the acceptance 
interval @;,— 0z narrows. From (13) we have 
an analogous first-order condition for re- 
tained workers except for expected search 
costs. Since retained and accepted workers 
are specified as perfect substitutes in pro- 


duction, the resulting equality between (12) . 


and (13) directly implies (14). From (14) 
we can see that for interior solutions there 
will be a narrower acceptance interval set 
for searched workers than for inherited 
workers, and this acceptance interval dif- 
ference should be greater the greater the 
search costs. Knowing this, the inherited 
workers (or some coalition of them) may 
want to capture some of their inertial rents 
—windfalls which arise because they are 
there and can be replaced only with costly 
search. 

Given the upper and lower acceptance 
bounds and a search decision, (15) implies 
that hours be set so that the marginal reve- 
nue product of hours per worker be equated 
to marginal wage costs of hours. Marginal 
wage costs of hours rise with increasing 
hours and are an increasing function of the 
disparity between the upper and lower 
acceptance bounds, (0—07) and (6/7— 
0/7). Rewrite (15) as 


A(O + 05) /2 


(16) P\Q,= T—h 


z n L (4<S,M<I) 


It can be seen as a particularization of the 
well-known condition set out by Samuelson 
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for efficiency in the provision of public 
goods. In the context of the current model it 
says that given the number of workers and 
the level of heterogeneity of preferences 
among retained and accepted workers, work 
hours per worker should be chosen by the 
firm so that the ratio of leisure’s price (the 
foregone marginal revenue product of addi- 
tional hours per worker) to the price of the 
private good (normalized at 1) is equated 
with the sum of the marginal rates of sub- 
stitution of leisure (the public good) for the 
private good. 

The model emphasizes the public good 
aspects of particular working conditions and 
the role of search or firm-specific training 
costs in conditioning the heterogeneity of 
the workgroup for which the public goods 
problem is to be solved. The role of a 
mechanism to assess and voice preferences 
of existing workers is more apparent if we 
relax the convenient functional form on util- 
ity. Then from any previous equilibrium the 
firm will inherit people with different mar- 
ginal willingness to accept compensation for 
changed hours (or other shared working con- 
ditions). In this case their acceptance of a 
previous (X,h) combination does not pro- 
vide complete information about their 
willingness to accept alternative (X,/) com- 
binations and implies an economic value to 
a mechanism for assessing this.® Institution- 
ally, such a mechanism could be worker 
councils or meetings of union locals. In an 
academic setting it could consist of the de- 
partment chairperson and executive com- 
mittee members canvassing their colleagues 
about workplace issues of common interest. 

Although equations (12)—(15) characterize 
efficient solutions for the common working 
condition, they do not determine short-run 


_ distribution. Suppose that capital will leave 


or its future availability is jeopardized if not 
given sufficient (zero) profits. Then workers 
would want to maximize utility subject to a 


Sif it is known beforehand that there will be varia- 
tions in the firm’s demand for hours per worker, the 
firm would be searching for individuals willing to 
accept different hours at not drastically different com- 
pensation per hour. This is the utility analogue of 
George Stigler’s production function with adaptability. 
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minimum profit constraint. Conversely, if 
future hires will be jeopardized, or if 
workers will leave if not given reservation 
utility, then the owners of capital will want 
to maximize profits subject to reservation 
utilities (U;) of the workers. In each case 
efficiency requires (12)—(15), but the distri- 
bution of the profits between workers and 
capital owners is not determined by these 
efficiency conditions. As a result short-run 
redistribution is a potential source of dis- 
pute. Note also that whether workers are “in 
contro!” or whether we have a “company 
union,” there will be incentives to run some 
type of demand-revealing mechanism (me- 
dian voter, Clarke tax) to maximize the size 
of the pie to be redistributed. That is, if 
workers are in control they will want to 
avoid excessive mobility since this will im- 
ply search costs that will cut into their resid- 
ual share of the pie. In general, where 
search and mobility are a part of the opti- 
mum, they may want to bribe coworkers to 
leave and hire some new coworkers, but will 
also want an effective demand-revealing 
mechanism to reach the decision.’ 

A complete analysis should include 
search decisions in light of a market distribu- 
tion of @ among potential employees (with 
perhaps a fixed relation between @ and U 
with 3U /30 >0).'° If @ is viewed as given 
by a continuous probability density func- 
tion, then no firm will ever be able to find 
perfectly identical workers without bank- 
rupting itself. Hence, even with a stationary 
economic environment in equilibrium, there 
will be a dispersion of @ in the firm’s work- 
force. Consequently, even with perfect wage 
discrimination (i.e., 
wages to meet reservation utility of each 
worker), the firm will have to offer wage 
bribes to some of the work lovers and work 
haters which it employs or, for example, to 
employees differing in relative preference 


?This suggests, of course,.that the problem is not 
simply distribution between workers and management 
but among workers as well. A coalition of workers may 
want to maximize their utility and this may entail their 
“firing” the noncoalition members. 

1°That is, the market may generate a higher “going 
utility” for work lovers and there is substantial empiri- 
cal evidence of higher wage rates for longer hours. 


personally tailored | 


JUNE 1980 


for safety, assuming there is an indivisibility 
in the provision of safety to a group of 
workers. The implication is that, given skill 
(market alternatives), workers in work en- 
vironments that are structured via com- 
plementarity of effort will receive com- 
pensating wage differentials even if the 
demand revelation process is functioning 
perfectly. But these differentials are smaller 
than they would have been without the de- 
mand-revealing mechanism. 

We hypothesize that the production set- 
tings that give rise to interdependencies or 
complementarities among workers and to 
the demand for work requirements by the 
employer to coordinate worker effort also 
give rise to labor unions. Unions, especially 
industrial unions, are most likely to be 
found in these production settings in part 
because organizing costs are low and be- 
cause unions can represent a mechanism for 
dealing with the public good problems 
within the workplace. In this latter view, 
industrial unions represent the labor compo- 
nent of the firm, which Ronald Coase has 
argued represents a collection of formal or 
informal rules for resource allocation. As 
such, a union can embody mechanisms or 
rules which are substitutes for market trans- 
actions which organize activities across 
firms; that is, a union can be a mechanism 
for economizing on search and mobility 
costs. 

We also postulate that a capital-intensive 
production technology typically implies a 
payoff to coordinated worker effort (a com- 
plementarity of effort as in equations (3) or 
(5)). Further, if the capital stock depreciates 
at a rate independent of the daily use rate 
(as with obsolescence), there will be incen- 
tives to utilize the capital on a twenty-four- 
hour basis. To do so will require compensat- 
ing wage differentials to encourage workers 
to work at a pace and/or schedules con- 
sistent with a fuller use of the capital stock 
(for example, shifts). This can be called the 
capital stock utilization hypothesis and is set 
forth in a paper by Deardorff and Stafford, 
In summary, we hypothesize. that unions 
will be more prevalent in capital-intensive 
continuous-process activities which give rise 
to worker effort complementarities, corre- 
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sponding public goods problems, and incen- 
. tives to schedule work in a way that will 
more fully utilize the capital stock. 

By our emphasis in this paper on organi- 
zation of work and its relation to unionism, 
we do not wish to imply that other reasons 
for unions (political, occupational licensure, 
etc.) are not important, nor do we wish to 
imply that variables such as geographic con- 
centration in labor markets, which Harold 
Levinson has argued lowers the cost of 
organizing, should be overlooked. We be- 
lieve that unions are quite heterogeneous 
with respect to purpose and conditions 
which support them. However, our data re- 
strict us to analyzing the relation between 
measures of the workplace and personal 
characteristics since we do not have mea- 
sures of marketwide characteristics. 

If there is validity to the hypothesis that 
certain work settings give rise to unions as a 
mechanism to deal with public goods, and 
that these work settings imply reduced 
personal choice even with the mechanism 
functioning, then there will be a relation 
between these working conditions and 
unionism. The higher earnings of union 
members will reflect, in part, compensating 
wage differentials rather than rents. Conse- 
quently, working condition variables may 
constitute a set of variables omitted from 
conventional analysis of the determinants of 
union membership and effect of union 
membership on wages and, if so, the esti- 
mated union-nonunion wage differential 
may overstate the causal relationship. For 
use below we shall call the hypothesis that 
- Shared levels of work effort and working 
conditions give rise to the need for com- 
pensating wage differentials and unions the 
interdependencies hypothesis. 

An alternative, more traditional explana- 
tion for union wage effects is entry barriers 
which may cause, at least initially, large 
wage differences with unionized firms oper- 
ating further. back on the factor-demand 
schedule. This can be modified into a sec- 
ond hypothesis which we call the union- 
partial-control hypothesis. This hypothesis 
emphasizes that if the union controls only 
selected aspects of employment, the firm 
can respond by varying other decision vari- 
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ables. This is illustrated by the quality 
adjustment case advanced by H. Gregg 
Lewis. Employers endeavor to cope with the 
high union wages by using the high wages to 
attract better quality workers, and eventu- 
ally the initial earnings advantage of the 
workers is eroded.'! Though there can be 
inefficiencies from employment of workers 
who are “too skilled” for the job, in the 
limiting case, with sufficient turnover, the 
workers will realize (net) earnings only 
equal to those in their best alternative em- 
ployment.’ 

Other variables which the firm could 
change in response to the higher wage in- 
clude the capital-labor ratio, working condi- 
tions, or pace of work.'? Unless timing of 
response can be ascertained, the cross-sec- 
tional observation of high wages, larger 
amounts of capital per worker, and a more 
structured work environment would be con- 
sistent with both the interdependencies hy- 
pothesis and the partial control hypothesis. 
In summary then, both hypotheses are con- 
sistent with poorer working conditions for 
union members combined with a wage 
advantage, at least part of which will be a 
compensating wage differential. 


Il. Wage and Membership Equations 


In this section, the various hypotheses 
about working conditions, unionization, and 
wage rates are formalized into a series of 
wage and union membership equations. A 
convenient starting point for our discussion 
is the widely used human capital-labor qual- 
ity wage equation modified to account for 


HAs Lewis notes: “For example, a 25 percent 
greater relative wage for commercial airline pilots than 
would be true in the absence of their unionization, with 
pilot quality not tightly specified in collective bargain- 
ing, would probably be accompanied by substantial 
increases in hiring standards for pilots by the airlines” 


. 46). 

!2This approach is of general applicability, see Anne 
Krueger. 

3 pace of work times hours is the relevant “quan- 
tity” of labor services in utility and production func- 
tions, then an increased work pace would imply that 
the firm returns to the original (preunion) point on the 
factor-demand schedule and the workers return to the 
original utility level. 
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union membership and working conditions 
and a second relation specifying union 
membership as a function of working condi- 
tions and other variables: 


(17) 
In W,= 04, + By Ed, + Bi. Exp, + By, Exp; 


+ Biq Union, +È B,, Dem, +È Bip WCri +e); 
(18) Union,=a,.+Zy,,WC,; 
+ XY; Dem +Z YimZmi t Ez; 


where W, is the hourly wage rate of the ith 
individual; Ed, is the years of education of 
the ith individual; Exp, is the years of labor 
force experience of the ith individual; 
Union, is the union membership status 
of the ith individual; Dem, is the jth demo- 
graphic characteristic of the ith individual; 
WC,, is the kth working condition variable 
measured for the ith individual; and where 
Zymji is a set of exogenous variables affecting 
membership. 

If the WC, variables are scaled so that 
higher scores measure less desirable working 
conditions (for example, less individually 
flexible hours, faster pace), then the com- 
pensating wage differential hypothesis leads 
to the expectation that B,, >0 and the inter- 
dependency explanation of unions leads to 
the prediction that y,, >0. Several analyses 
(see Rosen; Stafford; Adrian Throop; 
Leonard Weiss) ignore (18), and in addition 
omit WC from (17). Estimates of the union 
effects from these studies ( 8,4) are generally 
higher than the 10-15 percent baseline 
estimate of Lewis. 

Note that model (17)-(18) is recursive. 
Union status is an intervening variable be- 
tween working conditions and wages, and 
the total effects of. the working conditions 
on the wage can be allocated into direct 
effects that operate independently of union 
status (8,,) and indirect effects that operate 


through union status (y,,°8),). Further, we. 


can ignore union supply effects if it is 
assumed that union services are supplied at 
constant cost to all potential demanders. 
Equation (18), of course, is only one possi- 
ble form of a membership equation. Some 
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recent studies have used cross-sectional 
aggregate data (Orley Asheénfelter and John- 
son) and data on individuals (Peter Schmidt 
and Robert Strauss) to test structural mod- 
els which include an equation with union 
membership dependent upon wage rate as 
well as exogenous variables such as in- 
dustrial concentration.'* While we agree 
that it is important to incorporate the de- 
terminants of union membership into the 
model, we believe that union status is not a 
function of high wage rates per se, but 
rather is a response by workers to the char- 
acter of work in certain jobs or occupations. 
Neither time-series nor cross-section evi- 
dence suggests a strong relationship between 
wages and union membership. Since 1950, 
real wages have risen steadily but the frac- 
tion of the work force that is unionized has 
fallen, and the highest paying occupations 
are not those with the highest rates of 
unionization. 

Empirical studies of worker motivation in 
joining unions are consistent with the notion 
that working conditions are important.!> Be- 
cause of the heterogeneity across types of 
unions, there will certainly be some unions 
which are not formed to deal with issues in 
the organization of work, and our interde- 
pendencies hypothesis seems most appro- 
priate for industrial unions. Although our 
sample size limits us from attempting dis- 
aggregations by type of union (as noted in 
Section III), Howard Foster has presented 
evidence that construction, which represents 
a major share of craft union members, has 
remained highly unionized in the commer- 
cial sector while unionism has waned in the 
residential sector. This is because of higher 
organizational costs for many small, geo- 
graphically dispersed sites in the suburbs, 
which now represent the dominant part of 
residential construction. Commercial con- 
struction is likely to involve a more complex 
organization in the work setting. 

141n addition, Ashenfelter and Johnson have a third 
equation which has labor quality as its dependent vari- 
able. 

I5See Joel Seidman, Jack London, and Bernard 
Karsh. They find that none of their sample of 113 
members of a large midwestern United Steelworkers 
local reported joining to get higher wages. Most joined 
after unpleasant experiences at plants. 
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In terms of our theoretical discussion, a 
more reasonable objection to the model 
specified in equations (17)-(18) is that work- 
ing conditions are not exogenous, but in- 
stead are likely to be affected by unions via 
some demand-revealing mechanism. Union 
contracts often have specific provisions con- 
cerning working conditions. In addition, as 
argued earlier, unions may increase the 
wage rate above competitive levels and in- 
duce employers to alter such working condi- 
tions as work pace. A system of equations 
which takes into account the simultaneity 
between working conditions and unions is 
as follows: 


(19) In W,= az, + Bz, Ed; + By. Exp; 


= + By, Exp? + B4 Union, + 2 Bo, Dem, 
+È Bar WCri t Ezy; 


(20) Union, = a +È Yz WCri t ÈY; Dem; 
+ 2 Yy Zmi + Er; 

(21) WC, = Fa, +ô, Union; 
+35,X, 


ni T Ezki 


where the X, are identifying variables in the 
working condition equations. 

While it still is expected that Y3% 6,,, and 
B24> 0, the direction of the effects of unions 
on working conditions (6,,) is indeterminate 
and will depend upon the union’s willing- 
ness to trade off wages for favorable work- 
ing conditions under the interdependencies 
hypothesis and firm’s response to union 
(wage) demands in the partial control hy- 
pothesis. 

Although the model specified in equations 
(19)-(21) is more complete than the model 
in (17)-(18), its data demands are extraor- 
dinary.!ć Reliable estimates of the effects of 
unions on working conditions could be ob- 
tained from longitudinal data on working 
conditions by industry both before and after 
unionization. Lacking such data and being 
unsuccessful in one attempt to estimate 


16Further, some authors have postulated that a wage 
variable belongs in (21). This was uige to us by 
Henry Farber. 
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(19)-(21) with cross-sectional data on indi- 
viduals, we present in the next section two 
sets of empirical results. In the first, we use 
cross-sectional data to estimate the recursive 
system of equations specified in (17)-(18). 
In the second, we use longitudinal data on 
individuals to compare changes in wages 
and changes in a limited set of working 
condition Variables for blue-collar workers 
who joined unions, quit unions, or remained 
in either union or nonunion work. We find 
strong evidence that those joining unions 
increase their wages at the expense of desir- 
able working conditions. 


HI. Empirical Results 
A. Data and Variable Definitions 


Our major data sources are the 1975-76 
Time Use Survey, conducted by the Survey 
Research Center between October 1975 and 
October 1976, and the Panel Study of In- 
come Dynamics: Procedures and Tape Codes, 
also conducted by the Survey Research 
Center.!” In the former, four interviews were 
taken with a representative sample of adults 
(and their spouses) at four-month intervals. 
Most of the Time Use Survey data used here 
come from the second re-interview, which 
took place during May and June 1976. Of 
the 1,007 third-wave respondents, we select- 
ed those who had regular work schedules, 
gave valid responses to the wage and work 
hours questions, and reported working in 
blue-collar occupations. The resulting sam- 
ple consists of 149 observations. Because 
this sample size is small relative to most 
other micro-data sets, we spent a consider- 
able amount of time checking inconsistent 
responses and other errors in the data." 

The variables used in estimating equa- 
tions (16) and (17) fall into four groups: 
wage rates, labor quality, union status, and 
working conditions. A brief description of 
specialized variables follows. 


VWe also use the 1972-73 Quality of Employment 
Survey. l 

I8The major reason for the small sample size is 
because the Time Use Survey was designed to measure 
adult time use regardless of labor market status. 
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Wage Rate. Our data are unique in that 
they allow quantification not only of nomi- 
nal wage rate but also wage rates that are 
adjusted for time spent in work: breaks— 
formal and informal—as well as time spent 
in on-the-job training. The “nominal wage 
rate” is defined as weekly earnings divided 
by nominal work hours.” After subtracting 
time spent in formal and informal work 
breaks”? from nominal work hours, we 
calculated “wage-break time” by dividing 
weekly earnings by this adjusted measure of 
hours. A final adjustment to the wage rate 
' was made possible by information on hours 
spent in on-the-job training. Two types of 
training are distinguished—training occur- 
ring jointly with usual work activities and 
training taken separately from usual work 
but during the work period.?! Our measure 
of total weekly training time was the sum of 
the hours of separate training and one-third 
of the hours reported in joint training. 
When weekly earnings were divided by an 
hours measure which netted out both break 
time and on-the-job training, we obtained 
our third measure of wage rate—“wage- 
break and training time.” l 

Working Conditions. Machine=one if 
the respondent reports almost all or most of 
the time on the job is involved with using 
machines, and zero otherwise. Not Free = 


(9Nominal hours were ascertained from the follow- 
ing question: “About how many hours do you work on 
your main job in an average week including any paid 
or unpaid overtime?” 

20The question for formal breaks was, “About how 
much time do you usually spend on regular coffee 
breaks or scheduled rest breaks,” and for informal 
breaks, “Thinking about the rest of your time at work, 
about how much (additional) time do you usually 
spend on things not related to the work that you 
do—like talking to friends, doing personal business, or 
just relaxing?” To the sum of these two responses we 
added time spent in lunch breaks which exceeded 60 
minutes. 

2I1The question sequence was as follows: “Do you 
‘feel you are learning skills on your job that could lead 
to a better job or to a promotion?” (If Yes) “Sometimes 
people learn these skills as part of their regular work, 
while others use time at work to learn skills that are not 
part of their regular job. About how many hours per 
week do you usually spend learning new things as part 
of your regular work?” “And how many hours per week 
do you spend learning new things that are not part of 
your regular work?” 
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_ zero if the respondent reports that it would 


be “easy to get a couple of hours off from 
work” to do shopping or personal business 
and one otherwise. In Work Effort =the 
natural logarithm of a scale of work effort 
formed from responses to questions asking 
for a rating, on a zero to ten scale, of the 
amount of energy and effort put into “a 
typical hour of time at work” and “a typical 
hour of time spent watching TV.” The vari- 
able is defined by”? 


Work #— TV # 
10— TV # 


The upper bound for the scale is 1.0, and for 
those few cases in which the above expres- 
sion equaled zero, the value was set to .01. 
The scale was multiplied by 100, and the 
resulting mean of the natural logarithm is 
4.0. | 

Union Status. Union status is measured 
as a dichotomous variable, equaling one if 
the.-worker reported being a union member 
and zero otherwise. 


B. Estimation 


The estimated coefficients of a basic earn- 
ings equation (17) for each of the three wage 
rate measures are given in Table 1. The 
working condition variables are excluded 
from the regression results reported in the 
first three columns and are included in the 


*2The scale may require some additional explana- 
tion..A simple 10-point scale assessment of work effort 
can be faulted because of respondent-to-respondent 
differences in use of the scale. Some tend to cluster 
their responses around the midpoint of the scale regard- 
Jess of the activity, while others place their responses at 
the extremes of the scale. Since television watching is a 
nearly universal activity which requires nearly uniform 
(lack of) effort, the effort rating of television was used 
to anchor the zero point of our work effort variable. In 
the small number of instances. that the work effort 
rating was less than or equal to television effort, the 
ratio was set equal to 0. When both activities were 


scored “10” (also very rare), the ratio was set equal to 


unity. In our empirical work, we experimented with 
several alternative measures of work effort and found 
the natural logarithm of the ratio to be superior to the 
alternatives, especially the simple 10-point assessment 
of work effort. 
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TABLE 1—ESTIMATED REGRESSION COEFFICIENTS FROM VARIOUS WAGE EQUATIONS, FOR BLUB-COLLAR WORKERS 





Dependent Variable 
Independent iInNominal inWage- InWage-Break and InNominal inWage- in Wage-Break and 
Variable Wage Rate Break Time Training Time Wage Rate Break Time Training Time 
Education years 040° .038* 051° 041° .040* 054° 
(.018) (.019) (. SA (017) (.018) (.020) 
Experience (years) 029° 027" 021 019 009 
‘ (.012) (.013) ( ain (.012) (.013) (.014) 
Experience* —.00053  —.000%47 — 00027 — 00038  ~—.00034 — 00016 
(.00028) (.00030) (.00032) (. 00028) (.00030) (. 00032) 
Female — .386> — 442? — 486° — 408? — 456° — 481° 
(.090) (.095) (.101) (.088) {.093) (.100) 
Nonwhite — 088 — .085 =~ 029 — 037 — 034 ~~ O10 
(.141) (.149) (.159) (.138) (.146) (.158) 
City Size Gif 50,000 133 137 152 130 139 160 
or more) (.084) (.089) (.094) (.083) (.088) (.095) 
Northeast 2 180 281 186 149 247 
(.138) (.145) (.154) (.134) (.143) (.154) 
North Central 231% 219 236" .200 169 182 
(.106) (.111) (.118) (.105) (.111) (.120) 
West ~ 144 — .169 ~~ 194 — 162 — 204 — 233 
(.122) (.128) (.137) (.120) (127) (.137) 
Machine ~ -= - 214° .229 .1998 
(.084) (.089) (.096) 
Not Free - _ 067 122 132 
(.090) (.096) (.103) 
In Work Effort ~ — ~- 078° .045 O11 
(.032) (.034) (.037) 
Constant 819 1.009 1.031 .459 .144 894 
R?/SEE 313/487 = .309/.512 302 /.544 369/.471  .354/.501 330/539 
N 149 149 149 149 149 149 


Source: 1975-76 Time Use Study. 
. Note: Standard errors are in parentheses. 
“Significant at the .05 level. 
Significant at the .01 level. 


regressions of the final three columns. Over- 
all, the results show some support for the 
hypothesis that working condition variables 
lead to compensating wage differentials. All 
of the estimated coefficients for these three 
variables are positive, although only for the 
machine variables are the coefficients con- 
sistently significant at conventional levels. 
The work effort variable is significant when 
related to the nominal wage rate, although it 
becomes insignificant when hours spent in 
breaks and training are subtracted from 
work hours. The coefficient of the not free 
variable exceeds its standard error in both 
cases when the wage rate is adjusted for 
nonwork time.” There is also some tend- 


3A positive relation between bad working condi- 
tions and wages is not typical for cross-sectional analy- 
sis. Negative coefficients are often interpreted as evi- 


ency for the coefficient on education to 
increase with the adjustments indicating 
that those with high education receive more 
training and more work breaks in these 
blue-collar jobs.” 

When the union status variable is added 
to these equations, the results (presented in 
the first six columns of Table 2) show a 
decline in estimated union effects in the 
presence of adjustments to the wage rate 


dence of omitted skill variables combined with pleasant 


working conditions as normal goods. 

24We were unable to reject the hypothesis of struc- 
tural equality when regressions were run separately for 
men and women. However, it can be noted that the 
earnings disadvantage of women grows with more re- 
fined wage measures. This is because women spend less 
time in work breaks and on-the-job training. 
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TABLE 2——ESTIMATED REGRESSION COEFFICIENTS FOR UNION STATUS AND WORKING CONDITION VARIABLES 
FOR VARIOUS WAGE EQUATIONS, FOR BLUE-COLLAR WORKERS 


2SLS (repli- 
cation of A-J) 
In Wage- in Wage- dn Wage- 
Independent mNominal in Wage- Break and /nNominal {n Wage- Break and Break and 
Variable Wage Rate Break Time Training Time Wage Rate Break Time Training Time Training Time 
Union Status 272P .268° .235* 187 185 174 213 
(.092) (.097) (.104) (.097) (.104) (.112) (.510) 
Machine ` ~~ - - 1697 184 157 143 
(.086) (.092) (0.99) (.144) 
Not Free ~ ~ - .031 085 .098 - 
. (.092) (.097) (. pee 
In Work Effort ~~ - - ' .066* .033 EXOG 
(.032) (.035) hee 
Constant .793 983 1.008 511 .796 .943 -986 
R?/ SEE .353/.474  .345/.500 -327/.536  .386/.467 .369/.500  -.342/.536 -338/.534 
N 149 149 149 149 149 149 149 





Source: See Table 1. 

Note: Other variables included in all but the two-stage least squares (2SLS) regression equations: Education, 
Experience, Experience*, Female, Nonwhite, City Size, Northeast, North Central, West. In the 2SLS equation, 
Education, Experience, Experience’, Female, City Size, the three-region dummy variables, and Nonwhite were 
included exogenous variables. Ln Work Effort was the excluded exogenous variable. EXOG= exogenous variable 
excluded from equation. Standard errors in parentheses. 


a See Table 1. 


and with the addition of the working condi- 
tion variables. The decline in the estimated 
union-nonunion differential from a 31.3 per- 
cent” differential in nominal wages to a 
26.5 percent difference when break and 
training time adjustments are made comes 
about because union members are found to 
have slightly less break time and substan- 
tially less time devoted to on-the-job train- 
ing. For our sample of blue-collar workers, 
union members report fewer hours of both 
joint and separate on-the-job training. The 
- reports of weekly training hours that are a 
part of regular work average 3.8 hours for 
union members and 4.6 hours for nonmem- 
bers. The difference for training that is not a 
part of regular work is proportionately 
larger—0O.4 vs. 1.5 hours per week. We 
interpret these differences as support for our 


25This is calculated e4 — 1, where B is the estimated 
coefficient on the “union status” variable given in 
Table 2. E 

*61f we had a larger sample we would expect to 
observe differences among different occupations. 
Union craftsmen in nonindustrial settings would likely 
engage in more on-the-job training than their nonunion 
counterparts. 


view that organization of work can in part 
substitute for specific individual skills. 

In addition to adjustments to relate the 
hourly wage more closely to hours of actual 
work time (cols. 1-3 of Table 2); we in- 
troduced the working condition variables 
(cols. 4-6). When the working condition 
variables are added, the estimated union 
effect becomes statistically insignificant al- 
though its point estimate (18.9 percent) is 
still larger than the 10-15 percent range of 
Lewis’ estimates.” In the final column of 
Table 2 are two-stage estimates of a simulta- 
neous equation model analogous to that of. 
Ashenfelter-Johnson (A-J). With this for- 
mulation, the estimated union-nonunion dif- . 


% Although a sex-union status variable was not sta- 
tistically significant when added to the equations re- 
ported in Table 2, estimated union effects were consid- 
erably lower for men than women. The six coefficients 
for the union status variable for men only were (with 
standard errors in parentheses): .186 (.105), .177 (.110), 
130 (120), .122 (.112), .101 ¢.119), and .062 (.129). 
Thus, the point estimate of the union effect on the 
adjusted wage measure without the working condition 
variables is 13.9 percent and the estimate based on the 
regression with working condition variables is 6.4 per- 
cent. 
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TABLE 3— ESTIMATED REGRESSION COEFFICIENTS FROM VARIOUS 
UNION MEMBERSHIP EQUATIONS, FOR BLUE-COLLAR WORKERS 
(Dependent Variable = Union Status) 
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Replication of A-J 
Independent OLS Linear Membership Equation 
Variable Probability Logit OLS  2sLs 
Education (years) — 002 — .001 m EXOG 
(.015) (.058) 
Experience (years) .025* 082" ~ EXOG 
(.011) (.038) 
Experience? — .00064° — .002 1° — EXOG 
(.00025) (.0009) 
Female —.212° — 743° EXOG 
(.076) (.288) 
Nonwhite — 028 —.077 045 . 063 
(.120) (.500) (.121) (.127) 
City Size (if 50,000 017 .096 ~ 005 ~~ 042 
"or more) (.072) (.253) (.074) (.080) 
Northeast ALL 361 049 — 030 
(117) (387) (.120) (.132) 
North Central .192° .589 156 108 
- (092) (.307) (.094) (.102) 
West ne 073 .039 072 
104) (386) (.105) (11) 
Machine a 794 .256° .204" 
(.073) (.257) (.073) (.082) 
Not Free 197" .631* 164° .148 
(.079) (.269) (.080) (.084) 
in Work Effort .065* .227 061° 061° 
| (.028) (122) (.029) (.030) 
in Wage adjusted for ~ ee 161° 375 
break and training time (.059) - (133) 
Constant — 278 — 456 ~ .759 
R?/ SEE .286/.411 235 /.421 .202 /.440 
n 149 149 149 


Source: See Table 1. 


Note: EXOG=Exogenous variable excluded from equation. Standasd errors in 


parentheses. 
% b See Table 1. 


ferential is 21.7 percent and statistically in- 
significant, although we found that the 
estimated union coefficient is sensitive to 
the exogenous. variables omitted from the 
equation. 

Estimates of union membership equations 
are presented in Table 3. In the first and 
second column of numbers, estimates of 
equation (18) Gin which union membership 
is taken to be a function of working. condi- 
tions but not wages) are presented. The 
functional forms assumed for these two 
membership equations are linear probability 
and logit, respectively. Regardless of func- 
tional form, the three working condition 


variables have strong, positive effects on the 
likelihood of belonging to a union. In the 
linear: probability equation, working with 
machines as a proxy for capital intensity 
increases the probability of being a union 
member by about 25 percent, being con- 
strained with free time increases it by close 
to 20 percent, and a 1 percent increase in 
the work effort variable is associated with a 
6.5 percent increase in the likelihood of be- 
longing to a union. 

Several of the demographic variables 
are also significant in the membership equa- 
tion. There is a significant parabolic mem- 
bership-experience relationship, peaking at 
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TABLE 4—CHANGE IN WAGE RATES AND WORKING CONDITIONS, 1968—71, BY CHANGE IN UNION STATUS 

(All Blue-Collar Male Workers) 
Change in 
Absolute Percentage Changein Freedom to Weighted 

Union Status Change Change in Changein Choice in Increase Percent of Number of 
1968 and 1971 Wage Rate Wage Rate Work Work Hours Observations Observations 
Joined Union $1.28 54.8 — 07 —.28 8.0 114 
Quit Union 0.12 70 > .06 — .08 5.6 28 
Remained in Union 1.14 32.6 .01 ~ 07 39.1 434 
Remained nonunion 0.73 39.9 . .02 —.08 47.3 730 
Mean $0.90 36.4 O1 —.09 100.0 1,356 
Eta** .027° 010° -005° -007 


Source: Panel Study of Income Dynamics, 
a, bSee Table 1. 
“Significant at .10 level. 


“Fraction of variance in dependent variable explained by Union Status Change categories. 


nineteen years of work experience. Females 
have significantly lower rates of union mem- 
bership. Workers residing in the North 
Central region are significantly more likely 
to be union members than otherwise similar 
workers in the southern region. The final 
two columns of Table 3 are an attempt to 
replicate the membership equation of 
Ashenfelter and Johnson. The adjusted 
wage rate is included and the equations are 
estimated with ordinary least squares and 
two-stage squares, respectively. The results 
show that /n wage rate has a significant 
effect on union membership. The coef- 
ficients on the work pace variables drop 
somewhat, although, with the exception of 
the not free variable in the two-stage equa- 
tion, they are still statistically significant at 
the 5 percent level. 

If the relationship among work pace, 
union status, and wage rate is recursive, as 
assumed in equations (17) and (18), the total 
effects of the working condition variables 
can be allocated into direct effects operating 
independently of union status and indirect 
effects which exist because the working con- 
ditions are hypothesized to cause unions, 
and unions in turn cause higher earnings. 
The total effects are shown in the final 
- column of Table 1. Of greatest interest is the 
machine variable, which has total effects 
that are statistically significant. As shown in 
the sixth column of Table 2, about four- 
fifths of this total effect is direct, operating 


independently of union status, leaving about 
one-fifth of the total effect to operate 
through union status. | 

The cross-sectional Time Use Survey data 
do indicate the presence of compensating 
wage differentials for union members. Be- 
cause cross-sectional results are particularly. 
susceptible to error due to omitted variables 
—in this case, omitted measures of worker 
quality—we sought confirmation of the 
compensating wage differential result with 
longitudinal data. The source of our longitu- 
dinal data is the first five waves of the Panel 
Study. The sample was restricted to male 
household heads who worked at least 250 
hours per year between 1967 and 1971 and 
who had blue-collar jobs in the spring of 
1968. The Panel Study data provide infor- 
mation on two working condition variables: 
choice in work and freedom to increase 
work hours.” Table 4 shows changes in 
union status. Those joining unions enjoyed 
the largest increase in hourly earnings, but 
also experienced the largest declines in the 


28The choice in work variable was constructed from 
the question, “How much choice do you have about the 
way you do the work?” Responses were coded in 
quintiles as percent of choice and this variable was set 
equal to the midpoint of the quintiles, taking values of 
.1, .3, .5, .7, and .9. The freedom to increase work hours 
variable is dichotomous and is constructed from the 
question, “Was there more work available on your job 
so that you could have worked more if you had wanted 
to?” Positive responses were scored 1 and all other 
responses were scored zero. 
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working condition variables. Those quitting 
unions had the smallest wage increases, but 
also had the highest average gain in re- 
ported choice in work. Thus, the hypothesis 
that union members receive compensating 
wage differentials is given strong support in 
these longitudinal data as well. 


IV. Discussion 


We believe the evidence presented from 
the Time Use Survey supports our view that 
unions are more prevalent in work settings 
which require interdependent worker be- 
havior as part of the production process. 
Though we have no direct evidence, we be- 
lieve that consumption aspects of work are 
also shared by most workers on jobs which 
involve greater interdependencies. Specific 
variables which were designed to measure 
work pace and extent of scheduling were 
found to be important predictors of union 
membership for blue-collar workers. Work- 
ing with machines was also an important 
predictor of union membership. Working 
with machines is likely to imply a produc- 
tion process which has more capital per 
worker, and hence there will be greater in- 
centives to keep the machinery operating on 
a continuous basis. This will tend to reduce 
the possibility of unscheduled breaks and 
will increase the possibility of work shifts or 
longer workdays.” If many workers are sub- 
ject to a single work group or plant or 
company-wide policy on work pace and 
work scheduling to accomplish the fuller use 
of the capital stock, we expect and observe a 
higher probability of some less individual- 
istic mechanism, including. unionism, for 
reaching agreement on such issues. 

Although some unions have occupational 
licensure as a major function, in our view 
unions can represent a mechanism for 
reaching collective agreements about the 
organization of work. Collective agreement 
is reached because search in the labor 
market to match up workers and firms who 
“agree” on several major aspects of the 


2°All three working condition variables are posi- 
tively correlated. 


DUNCAN AND STAFFORD: UNION MEMBERS 369 


organization of work is likely to be more 
costly than organizing a union and paying a 
high enough wage to compensate for the 
inherent restrictions the work setting will 
place on at least some individuals.*° Trans- 
action and search costs will thereby gener- 
ate rents for some workers though unions 
can reduce the level of these rents by bet- 
ter identifying preferences of the “median 
worker.” As noted by Richard Freeman, up 
to a point, “voice” can be more efficient for 
resource allocation than “exit” even from 
the perspective of the employer.*! 

One criticism of our. approach is similar 
to that which we raised concerning the 
hypothesis that unionism is a function of 
wages per se. Namely, if membership de- 
pends on these certain variables describing 
the nature of work, why don’t we observe a 
universal relation between certain working 
conditions and unionism? For instance, why 
aren’t white-collar workers organized into 
unions when the organization of work en- 
tails substantial interdependencies in work 
effort? One answer is traditional; white-col- 
lar workers are more likely to aspire to 
management positions and for this reason 
will not be interested in participation in 
union activities. Our answer is that those 
white-collar workers whose jobs have work- 
ing conditions which we found to be im- 
portant predictors of blue-collar unionism 
are also the most likely to be organized. Ina 
regression of union membership for the 218 — 
white-collar workers the equivalent of the 


30Company unions could perform many of these 
functions, In Korea, public policy severely restricts the 
activity of automous labor unions and company unions 
have grown rapidly in the manufacturing sector. As 
noted by Y. K. Park: “In recent years company based 


‘unions have become increasingly common in some of 


the rapidly expanding sectors of manufacturing. This 
trend is independent of government encouragement or 
discouragement but is consistent with firm objec- 
tives”’(p. 57). 

31John Dunlop has argued that “...the institutional- 
ized form of collective action may introduce new pref- 
erences in the same way the household modifies indi- 
vidual preferences” (p. 30). Interaction patterns of a 
given form of collective action could alter preferences 
and in addition various forms of collective action (for 
example, voting rules) can obviously affect the choice 
of the group even if preferences remain stable. 
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logit equation in Table 3 is 


P( Union =1|X,). : 
PA sate lat .135 Machine 
P( Union =0|X;) (.256) 


+ 541 Not Free+ .437 In Work Effort 
(.228) (.274) 
ve 


where X, represents the vector of indepen- 
dent variables. 

The coefficients for not free and /n work 
effort are of the same general magnitude of 
the corresponding coefficients in the blue- 
collar equation (.631) and .227, respectively) 
though the standard errors are propor- 
tionately higher. What is notable is that 
these two variables are the only ones having 
any significant relation to union member- 
ship for white-collar workers. The insignifi- 
cance of the machine variable for white-col- 
lar workers is not surprising since the 
machine is often a simple piece of office 
equipment (notably typewriters), As such, 
working with machines is less likely to imply 
a high ratio of capital per worker for white- 
collar workers. Unlike the case of blue-col- 
lar workers, however, one cannot observe 
compensating wage differentials for these 
nonpecuniary features of work. We suspect 
that the omitted variable problem stated in 
Section III is dominating the empirical re- 
sults, and that white-collar workers with 
high potential wages choose to buy better 
working conditions, particularly in light of 
progressive marginal tax rates. 

Because the central hypothesis of this 
paper is that organization of work is related 
to unionism we attempted to replicate 
our blue-collar union membership equation 
on data from the Quality of Employment 
Survey" These data contain measures of 
overtime-hours flexibility and the extent to 
which the respondent characterized his job 
as allowing freedom as to how to do work, 
requiring hard work, physical effort, allow- 
ing decision making or being repetitive. 


32Interviews were taken with a nationally representa- 
tive sample of working adults. 
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When these variables and demographic con- 
trols were related to a dichotomous measure 
of union status in a linear probability re- 
gression for 570 nonfarm blue-collar work- 
ers with regular work schedules, several of 
the working condition variables were statis- 
tically significant, and all but one of these 
had the expected sign. Among the signifi- 
cant variables were two dichotomous over- 
time-hours flexibility variables, measuring 
whether overtime work was set by a super- 
visor, and if so, whether it could be refused 
without.penalty. Those who would be penal- 
ized for refusing overtime work were 17 
percent more likely to belong to a union 
than those who could set their own overtime 
hours, while those who wouldn’t be pe- 
nalized but did not have control over their 
overtime hours were 13 percent more likely 
to be union members than those with free- 
dom to determine their own overtime hours. 
Respondents who reported having blue-col- 
lar jobs which allow freedom “as to how 
you do your work” were significantly less 
likely to be labor union members. The work 
effort variables produced mixed results on 
union membership. Respondents reporting 
jobs which require “a lot of physical effort” 
were more likely to be members (significant 
at the 10 percent level) but those reporting 
jobs which require “you to work very hard” 
were significantly less likely to be union 
members. This latter result is the only one 
that runs contrary to our expectations, and 
we have no ready explanation for it. We do 
note that this work effort variable, however, 
is considerably less refined than the one 
constructed from the Time Use Survey data. 
On the whole, our hypothesis that unions 
are a function of working conditions holds 
up quite well on this larger data set. 

Since blue-collar unionism is more preva- 
lent in jobs with certain working conditions 
and since these working conditions require 
higher wages, the apparent effect of unions 
on wages is reduced once allowance is made 
for these working conditions. From our 
ordinary least squares model (Table 2) the 
relative wage advantage falls from 31.3 to 
18.9 percent for all blue-collar workers and 
falls from 20.4 to 6.4 percent for male blue- 
collar workers, 
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The Marginal Utility of Income 
Does Not Increase: Borrowing, Lending, 
and Friedman-Savage Gambles 


By MARTIN J. BAILEY, MANCUR OLSON, AND PAUL WONNACOTT* 


There has been a great deal of discus- 
sion about whether the marginal utility of 
income rises with income. Most notably, 
Milton Friedman and.Leonard J. Savage 
argued in their classic paper that the willing- 
ness to gamble implies that the marginal 
utility of income is rising over a range. The 
discussions of rising marginal utility and of 
Friedman-Savage gambles have proceeded 
independently of the literature on time pref- 
erence, although the issues are in fact re- 
lated logically. Drawing on this logical rela- 
tionship we shall show 1) that at least when 
‘intertemporal utility is separable, the stable 
levels of consumption that are usually ob- 
served imply that the marginal utility of 
income decreases as income rises. 2) Even if 
the marginal utility of income does increase, 
Friedman-Savage gambles normally will not 
maximize utility; saving and dissaving can 
attain the levels of consumption which gen- 
erate the most utility per dollar of income at 
a lower cost than gambles unless imperfec- 
tions in the capital market are severe. 3) 


Even when the utility function is not tem- | 


porally separable, repeated gambling cannot 
be a rational way of dealing with a rising 
marginal utility of income. We therefore 
conclude that observed gambling is seldom 
if ever. explained by the logic set out in 
Friedman and Savage’s seminal paper. In 
view particularly of the stability of con- 
sumption levels and the lack of Friedman- 
Savage gambles, we conclude that marginal 
utility of income does not rise with income. 


*Professors of economics, University of Maryland. 
We. are grateful to Roger Betancourt, Christopher 
Clague, Samuel B. Chase, Jr., John Harsanyi, Howard 
Margolis, and Paul Meyer for helpful comments at 
various stages, but are alone responsible for any short- 
comings: Part of the work on this article was supported 
by grants from the National Science Foundation and 
Resources for the Future. 


372 


I. A Conceptual Framework 


We begin with the assumption of separ- 
able utility.’ In this we follow the lead of 
Paul Samuelson, Robert Strotz, Gerard 
Debreu, Tjalling Koopmans, and Jack 


-Hirshleifer. With separable utility we can 


represent current utility in time period t by 
a function o(C,). Consumption is time sub- 


scripted, not the function itself;* it depends 


only on the quantity C,, regardless of t. 
Subject to a wealth budget constraint, the 
consumer maximizes the discounted value 
of present and future single period utilities 
(1) = A v( C,) 

t=0 (i+ n) 
where the consumer’s time horizon for plan- 
ning is T, which need not be finite, and 
where 7 is the rate of pure time preference. 
We assume now that the first derivative 
v'(C,) is positive and that ņ is a positive 
constant. Olson and Bailey have demon- 
strated in another paper (1981) that 7 is 


‘definitely positive, and thus for various rea- 


sons there is a preference for present over 
future consumption that would be obvious if 
the interest rate were zero. 

We write the maximization problem using 
the customary Langrangian 


T Y.-C 
(2) Ut*=U+A) > ——— 








Bailey and Olson argue (1977, 1978) that the 
assumption of temporal separability is not only a fruit- 
ful simplifying assumption but is closer to being de- 
scriptively accurate than some economists have 

*Changes in health, age, family status, or other con- 
ditions that might alter the value of consumption in 
particular periods can be accommodated by adding 
state variables. Since such variables would not affect 
the conclusions here, we do not include them now. 
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where income in period t is Y,, and where r 
is the rate of interest. We ignore bequests, 
treating them in effect as extensions of the 
planning horizon T. Suppose income is a 
constant over time, Y; then we can write 
utility as a function of income 





T. Y-C 
3) =u) Yo 
t=0 (1+r) 








When the consumer maximizes utility, he 
uses up his lifetime income in lifetime con- 
sumption, so that the term in brackets is 
always zero when U* is maximized. Let 
U** = max U*. Therefore it works out that 


(4) 
T v'(C,) dC, 
t=0 OC, dY = Zp (1+7) dY 





Now consider the special case in which 
the consumer cannot borrow, lend, or gam- 
ble. In this case, he must always consume 
exactly his income: 


(5) C.=Y 


so that dC,/dY=1. Then equation (4) be- 
comes 








and we have 


due oY) ot 
dY? = tego (1+n) — =o (l+) 





(7) 


The expression (7) is positive or negative 
according as »”(Y) is positive or negative; 
the “marginal utility of income” is increas- 
ing (decreasing) if and only if the marginal 
utility of consumption is increasing (de- 
creasing). 

Note, however, that the marginal utility of 
income (or of wealth) is an imprecise con- 
cept because it does not take account of the 
constraints under which the consumer maxi- 
mizes utility, for example, that in (5) or that 
in brackets in (2). If the consumer can 
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borrow or lend at a given interest rate he 
will often get more utility out of a fixed 
amount of lifetime consumption than if he 
cannot. This is particularly the case for any 
consumer for whom the marginal utility of 
consumption is rising over a range, since no 
consumer who can borrow or lend at the 
going interest rate (or engage in fair gam- 
bles) will ever choose any consumption level 
within that range; he will attain a higher 
level of U** at a combination of low and 
high consumption in different periods such 
that the marginal utility of consumption is 
nonincreasing at both levels of consump- 
tion. Moreover, when income increases for 
an individual whose marginal utility is at 
that point rising, he increases the fraction of 
his time that he spends at the higher level of 
consumption, keeping the two levels of con- 
sumption unchanged. Over the range of in- 
come between the two levels of consump- 
tion, the marginal utility of income or 
wealth is constant. (We develop these points 
in later sections.) 

Thus to avoid ambiguity it is preferable to 
focus directly on the utility of the consump- 
tion that income or wealth make possible. 
This calls attention to the need to specify 
the constraints under which utility is maxi- 
mized and also helps to show why the 
Friedman-Savage view of gambling cannot 
be rescued by interpreting it in terms of a 
utility function using permanent income or 
wealth as its argument. 


II. The Utility Function Revealed by 
Two-Period Choices 


We will now show that we can infer the 
utility function v(C,) from observed two- 
period choices, where the function is unique 
except for the choice of origin and of a unit 
of measure, that 1s, is unique to within a 
linear transformation. Bailey and Olson 
have shown (1978) that when the household 
has equal amounts of consumption goods in 
the two periods the slope of an indifference 
curve through that point in two-period con- 
sumption space is —(1+ 7); and for every 
other point in this space, the slope of an 
indifference curve passing through it is 
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given by the following equation: 


dC, v (Cy) 


2 Ee “ey. ý 


The theory of revealed preference tells us 
that an indifference map can be inferred 
from household choices between pairs of 
bundles of goods (Co, C;). That is, without 
knowing beforehand the function v(-) or the 
constant n, we can discover the indifference 
map from a suitably designed set of house- 
hold choices. Then by measuring the slope 
of an indifference curve of such an indif- 
ference map as it crosses the 45° line, where 
Co=C,, we can obtain ee of the 
time-preference constant 7. Then, for every 
other consumption point in the map, we can 
use this constant and equation (8) to obtain 
the ratio 


v'(Co) 1 |d 
v'(C,) 


l+y7 dCy 

For example, if we hold C, constant and 
vary Co, obtaining from (9) the value of the 
ratio of marginal utilities of Cy and C, for 
every value of Cp, we obtain to within a 
multiplicative constant the marginal utility 
v'(C,) for every value of Cy. Then by in- 
tegrating v’(Cy)/v(C,) over a range of val- 
ues of C, with C, constant, we obtain v(-) 
to within a multiplicative constant and a 
constant of pene UOR: Consider the- func- 
tion 


(10) V(-)=at bo(-) 





(9) 





U=const 


where a and b are arbitrary constants. Then 
the ratio 


bv'(C>) v (Cy) 


renter 
ines 


bv'(C;)  v'(C,) 


a Tes 





so that when we integrate the ratio on the 
right of (11) with C, as the variable of 
integration, the result cannot be distin- 
guished from the corresponding integral of 
the ratio on the left of (11). In other words, 
the form of v(-) obtained in this way is 
unique to within a linear transformation. 


V(*) 
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Thus, choices between distinct bundles of 
present and future consumption can be used 


-to reveal the utility function v(-), which 


should be closely related to the function _ 
showing the utility of income revealed by 
choices involving gambles. The precise way 
in which they are related depends on 
assumptions about borrowing and lending 
opportunities and about opportunities to 
gamble. Experiments could be constructed 
so that the two functions would be identical 
to within a linear transformation, aS we can 
see by considering the form and derivation 
of our equation (7). This finding sets the 
stage for our critique of the Friedman- 
Savage conclusions about gambling. 


HI. The Implications of Increasing Marginal 
l Utility with Separability 


In the analysis up to this point we have 
assumed that the marginal utility of con- 
sumption in any period decreases with con- 
sumption, that 1s, that v(-) is convex from 
above, so that o”(-)<0. Suppose instead 
that v(-) is concave, so that v”(-)>0 over a 
certain range of consumption, as shown in 
Figure 1. Then, as a consequence, the indif- 
ference curve is concave toward the origin 
over a range, as illustrated in Figure 2. 
Intuitively, the reason is most easily seen in 
the special case where n=r=0. With rising 
marginal utility, uneven consumption 
(Co C1) gives average utility of (Q + R)/2= 
S over the two-year period; that is, more 





Consumption 


FIGURE Í 
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Next Period 
Consumption 


y* 


o R 


Current Consumption 


FIGURE 2 


than the average of W that can be achieved 
by consuming the same amount each year. 
Thus, in Figure 2, B is preferred to the 
stable consumption at A? 

Rising marginal utility of consumption 
with separability thus implies highly unsta- 
ble consumption levels, with households 
switching between higher and lower levels of 
consumption. But this is inconsistent with 
empirical evidence. Thus, if utility is separ- 
able, we may dismiss rising marginal utility 
of “income.” 


IV. Borrowing, Lending, Gambling, 
and “Risk Preference” 


We shall now show that, even if the 


marginal utility of consumption is increas- 


ing, Friedman-Savage gambles can occur 
only in special circumstances because 
borrowing and lending will be preferable. 
Suppose that a household faces a budget 
constraint of 


(12) C,- Y*=—_—1 


where Y* is the household’s present perma- 
nent income, and where r is a fixed rate of 


3A general proof of concavity may be derived 
by following Hirshleifer (p. 233, fn. 24). Although 
Hirshleifer was dealing with a different economic prob- 
lem involving the prospect of mutually exclusive alter- 
natives, his mathematics are nonetheless the same as 
that needed to demonstrate concavity here, 
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interest at which the household can either 
borrow or lend from the current period until 
the next. Treating consumption after period 
l as given and fixed with a present utility of - 
V, the household maximizes 


ay veeg ay 


subject to the constraint (12) Solving this 
constrained maximization problem gives 








(14) ; 


Suppose that the interest rate happens to 
equal the rate of pure time preference: 


(15) r=y 
In that case we have 
(16) v'(C,) = v'(Co) 


‘If the function v(-) were convex from above 


everywhere, v’(-) would be monotonic de- 
creasing, and the solution values would be 


(17) C\= Co= Y* 


the only point in (Cp, C,) space that satisfies 
both (12) and (16). However, if o(Y*) is 
concave from above, as shown in Figure 1, 
the pertinent indifference curves, shown in 
Figure 2, are concave to the origin. 
Although at point A in Figure 2, represent- 
ing (17), the necessary condition (16) is 
satisfied, the household prefers B, at which 
(16) is satisfied and at which U’ of equation 
(13) is maximized. The household saves (Y* 
— Co) currently to support high living at C, 
in the next period, where 


(18) C~ Y*=(1+r)(¥*—C,) 


Another way the household may be able 
to vary its consumption level is by gam- 
bling. Suppose that in each period fair gam- 
bles of any size and odds that the household 
wants are available, but that saving and 
dissaving are for the moment ruled out. 
With the utility function v(-) and income 
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Y* shown in Figure 1, the household would 
choose a lottery ticket costing Y*—C, 
having a payoff of C,— Co, with a probabil- 
ity of payoff 

Y* — C 
(19) ATA 


The household would have the expected 
consumption level in each period 


(20) Cyt+p(C,— Co)= Co+(Y*-— Co) = Y* 


and its expected utility in the current period 
would be 


(21) E(v)=v0(C)(1-p)+po(C:) 
(C,— Y*)0(Co) + (Y* — Co) 0( Cy) 


= C= 6 


Its expected utility for the two periods 
together, using (13), would be 


(23) 
U* = (C, — ¥*)v(Co) + (¥* — Cy) 0(C,) 
SAT oF e 
l 
(+a) 4 
“ay -OFIC -CC 


(Ci— Co)(1 +n) 

(2+4n)+ V 

Now by (12) and (15) we have 

(25) Ci- C=C,- Y*+ Y*— C, 
=(¥*—C,)\(l+r)+(¥*—C,) 
=(Y*—C,)(2+n) 

and hence 

(26) U’= U* 

The household has done as well by gam- 


bling as by saving: when r= the house- 
hold is indifferent between the two. 
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Suppose next that we lower the rate of 
interest r for this household, letting other 
things remain the same. The outcome of 
gambling, U*, is unaffected. But if the 
household chooses thrift, the budget con- 
straint (12) will force the household to 
accept lower values of Cy and C, and 
thereby a lower U’. Since U* is greater than 
U’, the household will prefer gambling to 
saving whenever r <n. Similarly, if we raise 
r above ņ, the household will prefer saving 
to gambling. 

Note, however, that the household can 
normally also borrow in the period 0 to 
obtain the uneven pattern of consumption it 
wants, and a lower rate of interest will make 
this option more attractive. Thus, if r should 


_ be less than ņ for a particular household, 


and the household can borrow as well as 
lend at this rate r, it will find high spending 
out of borrowing now preferable to either 
thrift or gambling. Thus we arrive at one of 
our most important results: if the rate r at 
which the household can lend and borrow is 
greater than 7, the household will prefer 
saving to gambling at fair odds, whereas if it 
should be less than n, the household will pre- 
fer borrowing to gambling. Fair-odds gam- 
bling (and a fortiori actual gambles) will 
never be preferred, provided that the house- 
hold can save and dissave at the same inter- 
est rate. A necessary but not sufficient con- 
dition for a rational Friedman-Savage gam- 
ble is that there be either a rationing of the 
opportunities to borrow or save, or a dif- 
ference in the borrowing and lending rates 
sufficiently great to exceed the cost of gam- 
bling due to unfair odds. Even when the 
marginal utility of consumption is rising, a 
Friedman-Savage gamble will not occur un- 
less the cost of gambling (unfairness in odds 
due io transaction costs, taxation, or fear of 
laws against gambling) is less than the cost 
of saving at an interest rate below ņ and 
also less than the cost of borrowing at a rate 
above 7. Thus the “actuarial loss’ from gam- 
bling must be less than one-half the dif- 
ference between borrowing and lending 
rates. (Business risks with an expected net 
gain, i.e., gambles at better than fair odds, 
may of course occur even where the investor 
is risk averse because of a diminishing 
marginal utility of income.) 
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By contrast, the hypothetical investor, im- 
agined in countless articles, who is a risk 
preferrer because of a rising marginal utility of 
income, cannot exist, unless there are serious 
imperfections in the capital market. As we 
demonstrated in Section II, an individual 
confronting a rising segment in his utility 
function will react to any change in income 
within the relevant range by changing the 
amount of time spent at higher or lower 
levels of consumption—he will in this range 
have the constant marginal utility of con- 
sumption and risk neutrality depicted by the 
straight line from Q to R on Figure 1. For 
any changes outside the QR interval the 
individual will be risk averse. Only if the 
household is constrained in saving and dis- 
saving could it prefer risk on Friedman- 
Savage grounds; it might then demonstrate 
this risk preference by accepting unfair odds 
if fair gambles were also unavailable. Risk- 
averse behavior can plausibly be explained 
by a declining marginal utility of income, 
but any risk preference can be explained 
only in terms of a taste for adventure or 
faulty capital markets. 


V. Nonseparable Utility 


What difference does it make when we 
drop the assumption of separable utility? 
There certainly can be temporal interdepen- 
dence in utility functions, as when con- 
sumption falls below the survival level and 
thereby precludes future consumption. 
Whether survival is at issue or not, house- 
holds may prefer relatively even levels of 
consumption; the memory of a- period of 
lavish consumption might make periods of 
low consumption intolerable, or the pros- 
pect of austerity might spoil periods of high 
living, or experiences of low consumption 
might make people ill at ease in later luxury. 
Indeed, it is conceivable that such a prefer- 
ence for an even consumption pattern rather 
than diminishing marginal utility explains 
the observed stability of consumption be- 
havior. With nonseparability there is also 
the logical possibility that the indifference 
curve in Figure 2 might be convex while the 
function relating utility to lifetime consump- 
tion (or wealth) nevertheless had a positive 
second derivative. Consider, for example, a 


BAILEY ET AL.: MARGINAL UTILITY OF INCOME l 377 


utility function that over a range has the 
form 


Cy 
i+y 





(27) U=C,° 


If r=7 the household saves or dissaves to 
equalize consumption in the two periods. 
Yet a doubling of consumption quadruples 
utility. 

We have thought of a possible real coun- 
terpart to utility functions that would have a 
range of this kind. Suppose that a move to a 
higher income and social class would bring 
a disproportionate increase in utility, but 
that some of the associations or other 
benefits of the upward mobility could be at- 
tained only if a high and ‘stable level of 
consumption is maintained for a very long 
time. It might not be possible to achieve a 
sufficient number of successive periods of 
high consumption by saving or borrowing, 
but they might be attained with good luck 
on a big gamble. The individual would not 
(unless he received windfall income) gamble 
more than once, since a single gamble at 
appropriate odds will leave him at an 
“efficient” level of consumption and a fur- 
ther gamble whether won or lost will work 
against the postulated desire for extended 
stability in consumption levels. 

Are the particular patterns of temporal 
interdependence that might permit both the 
stable consumption levels that are observed 
and also a rising marginal utility of income 
empirically significant? And are the gambles 
that are observed in reality consistent with 
these nonseparable utility functions? We 
have not undertaken an exhaustive analysis 
of these questions and must leave them un- 
settled. But we doubt that rising marginal 
utility is commonplace and that much ac- 
tual gambling is explained on Friedman- 
Savage lines. 

First, if there were a rising marginal util- 
ity of lifetime consumption or wealth, the 
rational gambler would normally, as in our 
example, make a single large gamble at ap- 
propriate odds. Continued gambling, more- 
over, would run counter to the purpose of 
avoiding a range of rising marginal utility of 
income; a large number of gambles would 
tend to average out, leaving the gambler 
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close to the actuarially average outcome. 
Thus the observed behavior of gamblers, 
who typically gamble repeatedly, cannot be 
explained on Friedman-Savage lines even 


with the aid of a helpful nonseparable utility - 


function like (27). Indeed, typical gambling 
behavior suggests the alternative hypotheses 
that Friedman and Savage reject: that there 
is utility in the gamble itself, or gamblers 
fail to recognize the odds. 

This leads to the second ground for 
skepticism. Friedman and Savage argue that 
lotteries, at least when the purchaser of a 
lottery ticket is not a spectator to the draw- 
ing of the winners, “present risk in relatively 
pure form, with little admixture of other 
factors” (p. 287), such as the entertainment 
value of games of chance, which they 
suppose could be sold separately from the 
monetary risks and rewards and played “in 
a game using valueless chips.” In fact, 
enough data have now accumulated from 
state lotteries to leave little doubt that the 
participants are buying entertainment, or 
making what Adam Smith called “absurd 
presumptions about their own good for- 
tune,” rather than revealing anything about 
the curvature of their utility functions. It 
appears (see Tom Stevenson) that: 

1. Most adults in lottery states have 
purchased at least one ticket. About 45 per- 
cent buy at least one a month, and 30 per- 
cent buy at least one or two a week. 

2. Usually only 40 to 50 percent of the 
receipts from the lottery tickets is paid back 
in prizes. 

3. Participation in a given lottery game 
variation drops after a few weeks or months, 
so that the typical state runs two or three 
new games per year. 

4. The most appealing prize structure 
has been found to be to give out about 
two-thirds of the prize money in large num- 
bers of small prizes of $2 to $5, and giving 
out the balance in a few very large 
prizes—$10,000 or higher. The many small 
ones are said to inspire confidence, the few 
large ones to attract publicity. 

5. Detailed features of the successful 
lotteries indicate that it pays the promoter 
to make a game out of it. 
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The last three points in particular indicate 
that the lotteries are adventurous entertain- 
ment or designed to mislead participants 
about what the true odds are. The fourth 
point also suggests a pattern of prizes that 
contradicts Friedman and Savage’s predic- 
tion that the range of prizes offered will be 
designed to attract gambles by individuals 
with concave-upward segments of different 
lengths in their utility functions. 

We therefore conclude that Friedman’s 
and Savage’s interpretation of gambling is 
wrong, as is Friedman’s related attempt to 
explain income distributions in terms of the 
curvature of utility functions. But their 
seminal contributions also illustrate Francis 
Bacon’s point that “truth will sooner arise 
from error than from confusion.” As a result 
of the clear and provocative line of thought 
which they helped begin, we can now say 
that risk preference due to a rising marginal 
utility of income could occur, if at all, only 
in remarkable conditions. We now also have 
a basis, in the observed stability of con- 
sumption levels and the lack of Friedman- — 
Savage gambles, for the conclusion that the 
marginal utility of income characteristically 
decreases with income. 
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On the Method of Taxation and the Provision 
_ of Local Public Goods 


By DAVID A. STARRETT* 


Will independent communities tend to 
oversupply or undersupply local public 
goods? This question has been debated in 
‘the literature extensively since it was first 
voiced by Charles Tiebout. Persuasive argu- 
ments can be given on both sides of the 
issue. A typical argument.for undersupply 
would run as follows: Local communities 
will tend to discourage expansionary pro- 
jects because such projects will encourage 
in-migration and increase congestion to cur- 
rent residents. However, the increase in con- 
gestion in a single community is not a real 
social cost, since congestion levels in other 
communities will fall as a result of the 
migration. Hence, local communities will be 
too restrictive in their provision of local 
public services. 

On the other hand, a contrasting argu- 
ment for oversupply can be given. Commun- 
ities, in attracting. residents, can bid tax 
revenue away from others; the extra tax 
revenue can be used to spread the costs of a 
given provision of public goods more thinly 
over the original population. Since the addi- 
tional tax revenue is a pure transfer among 
communities, there is a private benefit to the 
expanding community, but no correspond- 
ing social benefit. Hence, individual com- 
munities will attempt to overexpand (and 
will succeed to the extent that they can 
attract residents). 

Of course, there is a third view, that 
“voting with one’s feet” will tend to gener- 
ate a first best distribution of local public 
goods; indeed, this is the view most gener- 
ally attributed to Tiebout. A recent expo- 
nent of this view is- Bruce Hamilton. He 
argues that, given a sufficient number of 
communities, the efficient Tiebout equi- 
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librium can be enforced through the offer- 
ing of a spectrum of public service /tax 
packages; the taxes can be either lump sum 
in nature or property taxes (with zoning 
restrictions to eliminate the possibility of 
free riders). However, the Hamilton model 
is not immune to competition among com- 
munities. Even if all residents pay their fair 
“share” of the costs of public goods provi- 
sion, a community can still benefit by 
attracting an extra resident so as to lower 
the cost of public services to all current 
residents. It is precisely these incentives 
which I wish to study. 

It is worth noting one other attack on the 
Tiebout “efficiency” theorem, although I 
will not be dealing with it directly in the 
sequel. In a series of papers by James 
Buchanan and Charles Goetz, and Frank 
Flatters, Vernon Henderson, and Peter 
Mieszkowski, -all argue that free mobility 
will not generate a Tiebout optimum. These 
authors note that there may be a misalloca- 
tion in the migration mechanism because 
migrants ignore fiscal externalities in the 
communities they leave. They analyze the 
resulting distortions for some simple models 
of location. However, it is difficult to relate 
these results to the general Tiebout hypothe- 
sis since Buchanan and Goetz, and Flatters, 
Henderson; and Mieszkowski explicitly re- 
strict the range of choice available to con- . 
sumers (in the latter paper, there are only - 
two communities from which to choose). 
Tiebout and his followers would surely 
agree that restrictions in the range of choice 
will lead to distortions. By contrast, we will 
be concerned here with distortions induced 
by gaming behavior on the part of commun- 
ities. 

In order to study the incentive question 
rigorously, let us first construct a welfare 
formulation of the problem in which the 
statements “too large” and “too small” have 
precise meaning. Having done this, we can 


VOL. 70 NO. 3 


compare the private incentive to expand 
with the corresponding social incentive un- 
der a variety of different taxation and 
zoning schemes. 

The main conclusions of my inquiry can 
be summarized as follows: First, standard 
cost-benefit analysis gives somewhat mis- 
leading answers to questions concerning op- 
timal dispersion of economic activity, due to 
a subtle “second best” feature of the prob- 
lem studied. I identify this feature and dis- 
cuss its implications. Second, I show that 
each of the intuitive arguments given above 
can be supported under particular types of 
taxation schemes. Communities will try to 
overexpand if the local tax is on sales or 
wage income, or the tax is a property tax 
which is imposed on “improved” land only. 
Communities will try to “underprovide” if 
the tax is a property tax on all land (im- 
proved and unimproved). 


I. The Prototype Model 


I will employ a simple prototype model of 
local communities in this paper. Some of the 
conclusions of this paper remain valid in a 
much more general framework; that work is 
reported in my forthcoming paper. 

Each community provides a single local 
public good (q). This good is public in the 
sense that access to it is without direct 
charge, although residents may pay some- 
thing (for example, transport costs) to gain 
access, and the public facilities may become 
congested with use. Museums, civic centers, 
parks, and libraries all fit reasonably well 
into this framework.' In the following discus- 
sion I focus on a particular community (k). 

Aside from land, it is assumed that there 
is only one other private good. (Alterna- 
tively, it could be assumed that other private 
goods prices are fixed throughout the analy- 
sis and these goods could be aggregated 
using the fixed prices as weights.) Let this 
private good be the numeraire. 

As mentioned above, agents may have to 
engage in effort (take trips) to enjoy the 
public good. Assume that the expense of 


IMy framework is similar to that employed by 
Frank Westhoff except that I drop the assumption of 


radial symmetry. 
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such trips can be represented by a simple 
cost function in terms of the numeraire 
(/*(g,s)), where g is the number of trips 
taken, and s stands for location within the 
community. Location will be specified by 
dividing up the community land into dis- 
crete zones, and letting s be a zoning index.* 

Let us also assume that consumers can be 
divided up into a finite number of types so 
that all members of a given type have the 
same preferences and endowments. The 
letter a will be used frequently to index 
consumer type. 

The value of endowment may depend on 
the community in which it is held (since 
prices and production opportunities may 
differ among communities). For conven- 
ience, assume that agents own resources ini- 
tially in only one community. Let 7 index 
the community of ownership. 

Each consumer (living in community k) 
gets to choose a zone (s) and an amount of 
land within the zone (/,), in addition to the 
choice of g. The market for land will be 
assumed competitive and r* will stand for 
the (net of tax) rental rate in zone s. Con- 
sumers earn income in terms of the num- 
eraire. We need to separate this income into 
three terms: profit shares (P), rental income 
on land (R), and other income (mainly 
labor) (Y). Taxes will be assessed to pay for 
the public goods; at this stage I model these 
in a fairly general way to consider several 
types of taxation. Potentially, the taxes paid 
by an a-type agent depend on his decisions 
regarding location and land use, as well as 
tax parameters 14°, ie, T= T(I,s,1/"). 
Assume, however, that the taxes do not de- 
pend directly on the use of the public facili- 
ties (as measured by g). 

Hoiding community of residence (x) fixed 
for the moment, a representative a-type 
agent owning property in j solves the prob- 
lem: 

(1) Max U%(g,1,q",0*,¥%+ Ry 
g,1,s 


+ P- f*(g,5)—rfl— T(1,5,¢7*)) 


*Implicitly, I am assuming that land within each 
zone is perfectly homogeneous in all “economic” re- 
spects, 

3Since labor resources move with the owner, other 
income (Y) will depend on the community of resi- 
dence. 
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where U7 stands for a representation of 
a-type preferences, and Q* is the congestion 
level, which is treated as a parameter by the 
individual. It seems appropriate that both g 
and q should affect utility. For example, if 
the public good is a museum, households 


will care about the size of the museum as . 


well as the number of visits made. Note that 
“left-over” income is automatically con- 
sumed so there is no possibility of saving 
(the model is static in nature). Finally, ob- 
. serve that we are implicitly assuming free 
mobility within the community since zone 
(s) is a free choice. 

It is convenient to think of the choice of 
zone as being made “last.” Let us define an 
indirect utility function conditional on s in 
the usual way: 


k ryk yak a a „k k 
(2) V°(q5, Q Y* +R + PA rE, s, t” 


= Max U? 
gil 


Frequently, I will indicate the indirect utility 
function in (2) using the shorthand notation 
© yak And the associated choice variables 
will be indicated by 7,2". 
The ultimate indirect utility function of 
our agent (V,“) is then defined by the “free 
choice” problem: 


Vek = Max V% 
j oy 


I denote by n the number of such agents 
who choose zone s. 

I treat production in the community in a 
completely standard way. Each production 
unit behaves competitively, and none are 
affected by the public good. Profit maximi- 
zation generates a profit function for each 
unit; the arguments of these functions are 
private goods prices, and since the nonland 
private good is the numeraire, the profits are 
functions of rental rates only. Since firms 
are final users of land, the rental rates they 
pay must be gross of any property tax. 
Aggregating across firms, we can derive an 
aggregate profit function of the form I4 = 
II*(p), where p stands for the gross-of-tax 
rent vector. 
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The sole function of local government is 
to produce public goods from private goods, 
paying for those goods with tax revenue. 
Letting I(q,p) stand for the public goods 
cost function in k, the government must 
satisfy.a balanced budget condition: 


(3) TK= > Ton =I*(q*,p*) 
ask] 


This completes the basic structure of a 
community although I will need to discuss 
the equilibrium determination of rents and 
congestion levels later on. Notice that public 
goods are providing the only economies of 
scale to community size, since my neoclassi- 
cal treatment of the firm precludes increas- 
ing returns to scale in private production. 

Consumers have one final choice to 
make: the choice of residence community. 
They face a Tiebout-type selection of tax/ 
public service packages. Here, I will take the 
extreme position that there is free migration 
among as well as within communities, en- 
abling us to study migration effects in their 
pure form. Clearly, the migration influence 
is not a short-run phenomenon and the 
analysis to follow should be interpreted with 
that in mind. “Free” choice of community 
means that each agent maximizes indirect 
utility over choice of k so that the utility 
achieved by an agent can depend only on 
his or her type and place of ownership; it 
cannot depend on where he or she lives. The 
“realized” utility for an a-type person 
owning in j is defined by 

Va = Max p each a,j 

Communities potentially may interact 
with each other in a number of different 
ways. Here we will assume away some of 
the potential interactions in order to con- 
centrate on the issue of migration. First, let 
us assume away direct spillover effects; that 
is, assume that residents of one community 
get no benefits from public goods elsewhere. 
This assumption is already implicit in the 
formulation of the consumer problem (1) 
since only q% and Q* were allowed to affect 
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the utility of a k resident. Second, let us 
assume away any interactions through 
trade. This does not mean that we rule out 
trade altogether; indeed, we allow free trade 
among communities.” However, we have 
assumed that the prices of tradeable goods 
do not change as a result of any proposed 
projects, so that projects in any one com- 
munity cannot change the trade opportuni- 
ties of any other community. Third, let us 
rule out any interactions through absentee 
ownership of land or firms (which use land). 
This is done by prescribing local ownership 
ex ante (n?** =0, 7#k).° Local ownership.in 
land means 


(4) > næ Rf =R" each k 
as 


where R* is the value of all land in com- 
munity k, while local ownership of firms 
requires: 


(5) T* = > nope allk 


where II* is the value of all profits generated 
in k. 

I will relax the ownership assumption 
somewhat later in this paper. However, the 
reader is referred to my forthcoming paper 
for analysis of a general model without 
these assumptions. 

The only remaining interaction among 
communities is through migration. When 
one community undertakes a project to im- 
prove the welfare of its residents, this action 
may be expected to attract residents from 
other communities. We are not in a position 
to derive the migration response function 
analytically without more information, but 
we can derive measures of incentive bias as 
a function of induced migrations. 


“Thus our analysis is best suited to the study of 
communities separated in space. For a general discus- 
sion of direct spillover, see Buchanan (1968). 

SImplicitly it is assumed that trading activities are 
carried out by firms in the various communities. 

®Local ownership will be destroyed as soon as new 
migration takes place. But in our first-order analysis, 
this will not matter. 


STARRETT: LOCAL PUBLIC GOODS 383 


At the outset, consider the model in a 
“status quo ante” position (before any new 
projects are considered). In this position, 
each community will be providing a certain 
level of public goods (not necessarily opti- 
mal), and setting tax rates in such a way as 
to balance its budget. For any such config- 
uration, it is assumed that there exists a 
private sector equilibrium which is char- 
acterized by two conditions. First, private 
goods prices must adjust to clear all mar- 
kets; here, this means.that the rental rates 
on land (in terms of the numeraire) adjust to 
clear the market for land at each location in 
each community. Second, the congestion 
levels must be self-confirming (in the Nash 
sense). Here, we take the simple view that 
congestion levels can be measured by total 
use of the facility. Hence, the Nash equi- 
librium conditions will be 


Ohm D neg all k 
as 
The reader is referred to my forthcoming 


paper for a discussion of conditions guar- 
anteeing private sector equilibrium. 


Il. The Welfare Formulation 


Let us measure welfare in the standard 
way that lies behind cost-benefit analysis.’ 
It is assumed that the governments control 
public goods provision and tax rates, but 
cannot interfere with private markets (or 
individual choice) in any other way. Fur- 
ther, we require that social preferences re- 
spect private preferences. Therefore, the 
social planners must take indirect utility 
functions as arguments in their social 
welfare function. In resolving the issue of 
interpersonal comparisons, it is assumed 
that a minimal horizontal equity condition 
is satisfied: any two agents of the same type 
must be treated symmetrically in the sense 
that interchanging them in the arguments of 
the welfare function does not change the 


7For a good exposition of this theory, see Robert 
Willig, i 
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social ordering. Since (under our assump- 
tion of free mobility) all agents of a given 
type who own in a particular community are 
sure to get the same utility, symmetry im- 
plies that all “similar” agents must have the 
same marginal welfare weight in any initial 
status quo position. 

I will confine myself here to statements 
about the first-order welfare impact of a 
project.® Given the welfare formulation out- 
lined above, it is easy to show that the 
first-order welfare change can be written in 
the form - 


dW = ` o> ngs) dV 3 
aj S,k 


where w” is the marginal welfare weight for 
a-type agents, owning initially in j. 

The next step in formulating cost-benefit 
analysis is to assume that the initial distribu- 
tion of income is optimal (so that the mar- 
ginal welfare of a dollar is the same 
wherever applied). However, even if we be- 
lieved that social planners were committed 
to such a policy, optimality cannot be a- 
chieved here because of the inherent indivi- 
sibility in location choice. If two people of 
the same characteristics live at different 
places within a given community, then (ex- 
cept by chance) they will not have the same 
marginal utility of an extra dollar; indeed, 
we might expect that the agent living further 
out would have a lower marginal utility 
since he or she would have to use some of 
the dollar for transport. Thus, our two 
agents cannot have the same marginal 
welfare of a dollar. This argument is essen- 
tially that of James Mirrlees and is an 
illustration of his general proposition that 
identical agents must be given different in- 
comes in the first best optimal town. 

Since we cannot optimize on the distribu- 
tion of income, the welfare formulation (as I 
have given it) is inherently second best, and 
this fact has important implications when 


Integrating the expression for first-order change is 
not legitimate since some of the variables (for example, 
Migration variables) are discrete. For further discus- 
sions of this point, see my forthcoming paper. 
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we come to the interpretation of results. 
Further, the presence of a second best dis- 
tortion ordinarily will lead to a second best 
term in first-order welfare measures. How- 
ever, this is not the case here as long as 
incomes are distributed optimally among 
types (on average). Intuitively, all projects 
must have a neutral effect on the distribu- 
tion of utilities within type (leaving it flat) 
so that. projects can neither improve nor 
worsen the second best position. Analyti- 
cally, this neutrality means that the first- 
order welfare effect still can be measured in 
terms of dollar aggregates just as it is 
whenever incomes are optimally distributed. 
Formally, let A7* stand for the marginal 
utility of the numeraire in problem (2). Then 
if incomes among types are adjusted so that 





nok 
w= 2 > = -z 
n 
0,6 





dy ask 
dW E 
` askj A; 


Note that income is distributed in such a 
way that the reciprocal of the welfare weight 


- (for each type) is equal to the harmonic 


mean of the marginal utilities of a dollar 
(for that type). 

It is important to stress at this point that I 
am not defending the assumptions of cost- 
benefit analysis here; I am merely exploring 
some of their implications in local public 
finance. Naturally, if the income distribu- 
tion is not optimal then the subsequent 


‘analysis must be modified to take into 


account distributional aspects of projects’ 
benefits. Perhaps this could be done through 
the use of welfare weights, although the 
possibility is not explored here.” 


See Burton Weisbrod for a general discussion of the 
use of welfare weights. 
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HI. Direct Taxation on Residents 


Taxes will be of the lump sum variety 
in this section. Since no labor-leisure or 
consumption-saving margin is allowed, we 
could equally well think of the taxes as 
being on income or consumption. Thus, 
T = 1", all a,k. Let us now focus on a 
particular community (z) and consider a 
new project in that community (dq’). This 
project naturally induces changes in the 
other parameters faced by our economic 
agents, and it is'‘assumed that these parame- 
ters react in a continuous way.’° We seek to 
measure the net welfare benefit from such a 
project both from the point of view of 
society and from that of community z. In- 
tuitively, any gap between these measures 
will correspond to a bias in community in- 
centives. 

To compute the change in social welfare, 
first compute the change in individual 
welfare and then aggregate. Totally differen- 
tiating (2) and utilizing standard duality re- 
sults yields!) ! 








dvz* aur gU“ 
O =ar e ro 
y= ag 2° 
A; ask ` ask 
— ark + dP? + dR? — dT“ 


Aggregating, substituting for profit income 
from (5), and applying duality theory to 
evaluate the differential of profit, yields 


(7) 
dW = ajdqg* — > a§dQ*— © (Lf + Lý )-ôr* 
k k 


+ > dR*— > ng“dTg" 
k ask 


10Changes in land rent are expected to prevent any 
unstable swings in migration. 

1! Assume that all functions are sufficiently smooth 
so that the standard envelope theorems are applicable. 
For an exposition of the theory of duality as applied 
here, see W. Erwin Diewert. 

4y% =0 due to the assumption that nonland 
private goods prices are fixed. 
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where as stands for the direct marginal $O- 
cial benefit per unit of q in k, ag stands for 
the corresponding marginal social cost of an 
extra unit of congestion in k, L* stands for 
the vector (over zones) of land put to resi- 
dential use in k, and L; stands for the 
corresponding vector of land put to in- 
dustrial use in k.” 

The market parameters (rents, taxes, ete.) 
depend on project values through market 
equilibrium and budget balance conditions. 
We can eliminate some of those parameters, 
and simplify the expression for dW consid- 
erably by making use of those conditions (in 
differential form). Equilibrium in the market 
for land together with the ownership condi- 
tions (4) implies 


(8) dRt=(LF+ LF + LFE) 8r" =L*dr* 


where L* stands for the vector of land used 
in the public goods project and L* is the 
fixed vector of total land available in k. 
Since the government must pay for a new 
project out of tax revenue, 


kK k k k k 
t= D nd + D, Tangs 
asj asj 


And, applying duality theory to the govern- 
ment cost function: 


After substituting all these equilibrium rela- 
tionships into (7) we derive finally 





or 
(9) dW=ajdg’ — 


ðq ad 


k k 
askj 


> agdQ* 
k 


Before discussing the private welfare in- 
centive, let us analyze the form of (9). The 


13 





Za uae Sy aus 
J ae HASS o= ag* 
a > neek 

asj 
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first two terms reflect the standard “first 
best” contributions to consumer’s-plus- 
producer’s surplus. It is worth noting that 
the marginal costs of the project are to be 
computed at fixed prices; any increases in 
costs due to increases in prices cancel out 
against the corresponding net benefit to 
suppliers. 

There are two kinds of second best terms 
which modify the first best measure. The 
first type measures the net change in “costs” 
of congestion externalities and needs little 
comment. The second type measures the net 
increase in tax revenue to society from 
migration, and needs some discussion 
since we are not used to thinking of tax 
revenue as measuring net economic benefits 
to society. The reason that a tax term ap- 
pears here is that the Tiebout-type tax sys- 
tem (with different communities setting dif- 
ferent lump sum taxes) is not a true lump 
sum tax system as long as individuals are 
free to move; the tax one pays is a function 
of the decision as to where to live. 

Consequently, any project which induces 
migration must have a second best welfare 
impact as long as tax rates differ among 
communities. Indeed, when an individual 
voluntarily moves from a low-tax area to a 
high-tax area, he or she confers more tax- 
spreading benefits on the recipient commun- 
ity than he or she removes from the original 
community. The net increase in tax revenue 
is a real social benefit." 

Let us now ask what the benefits look like 
from the point of view of community z. 
Before answering this question, it must be 
formulated more precisely. In particular, 
who are residents? The position will be 
taken here that residents are those house- 
holds who are in the community before the 


angs* is positive if (a,j) agents move into (s,k) but 
negative if they move out. Each individual who moves 
into one community must have moved out of some 
other community, so the third term in (9) measures the 
net changes in tax payments. 

15]t does not follow that high-tax communities are a 
good thing per se. For one thing, high-tax communities 
may tend to be especially congested in which case the 
tax term may be more than offset by the congestion 
term. But more importantly, the analysis applies only 
to voluntary moves; forcing people to move from low- 
tax areas to high-tax areas certainly need not improve 
welfare. 
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project is initiated. There are several argu- 
ments for this position. First, current resi- 
dents constitute the constituency which will 
decide on the project. Thus, if we want 
external effect to have its usual meaning 
of “net benefits or costs to those outside 
the decision making group,” the outsiders 
should be those outside the community be- 
fore the project is mitiated. 

Second, if benefits are measured relative 
to the group of residents present after the 
project is initiated, there will be an obvious 
direct incentive for every community to try 
to attract rich people (who will raise the 
average level of welfare in the community). 
I doubt that community objective functions 
have that property. Of course, even with our 
definition of resident, there is still an indi- 
rect incentive to attract rich people, if they 
can be made to pay a larger share of taxes 
than others. This incentive seems to me real, 
and I want to measure the possible distor- 
tions it will introduce into decision making. 

Let dW’ stand for the welfare benefit 
from the project to initial residents of com- 
munity z. Performing exactly the same 
sequence of steps as above, we derive 





Ea S T= dn" — 0gdQ* 
asj 


The gap between social and private incen- 
tives (dW) is just the difference between 
dW and dW’: 


dWw°= 2 | T” dn — ofdQ* | 
asj 


This expression can be simplified some- 
what; recall that the only effect on conges- 
tion in communities other than z is through 
migration. Therefore, 


do*= > g dn kÆz 
asj 


from which we can infer 


(10) dw°= = (T* — agg) dnak 
as} 


How should we interpret (10)? If com- 
munities other than z tax at rates generally 
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higher than their marginal congestion cost, 
and the project in z induces migration 
toward z, then (10) tells us that the private 
incentive to “expand” exceeds the social 
incentive, and vice versa. Notice that if all 
communities set the tax rate (on average) 
equal to marginal congestion costs, the in- 
centive gap disappears, and indeed, all sec- 
ond best migration terms disappear from 
our welfare measures. This observation sug- 
gests that a congestion tax may be “desir- 
able.” 

A discussion of the desirability of conges- 


tion taxes will be postponed until later. First . 


I want to rework the analysis with property 
taxes in place of lump sum taxes. Surpris- 
ingly (perhaps) the nature of the conclusions 
changes completely. 


IV. Property Taxation with Blind Zoning 


I will consider only the case of pure ad 
valorem property taxes and let r* stand for 
the tax rate in community k.'° In this sec- 
tion it will be assumed that the amount of 
land subject to taxation in each community 
is fixed. A more flexible zoning arrangement 
is considered in the next section. 

Let us formulate the tax system as if the 
taxes are imposed by statute on users of the 
land, although this formulation is inessential 
to the argument since statutory incidence is 
of no importance as long as the market for 
land is assumed competitive. Thus, if an 
agent uses an amount of land / in zone s of 
community k, he or she will pay tax r“r“J, so 

Ti Pps alla,s, j,k 
Recomputing (6) with this tax specification, 
we have 








dve* gauss IU 
(11) ag ay at + — dQ" 
hj q dQ 
A i 


+ dP? + dR? — rfl tdt" — (1+ t*) lar’ 


16Of course, much of the flexibility in redistributing 
income is given up once this type of tax is adopted. 
However, it is not necessary that local taxation serve to 
distribute income optimally as long as there is an 
appropriate national policy determining the “post- 
redistribution” Ys and Rs. 
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Now we carry out the steps of the previous 
section. In so doing there are two slight 
modifications. First, we must recognize that 
firms, as users of land, pay gross-of-tax rent- 
al rates. Therefore, 


(12) d=- Lfôp*= —r*-Lýdt* 
—(1+t*)LF-6r* 


Aggregating over all agents in (11) and sub- 
stituting from (12) yields the intermediate 
formula 


(13) dW=akdg*—akdQ* + dR* 
—(1+ t*)( Lf T L*)-8r* 
—r*. (L* + Lf )at* 


Second, the form of the government 
budget balance equation is different: 


(14) thr LR = trt (Lk + LF + LE) 
=I (q,r*(1+1*)) 


Note that the government also pays gross- 
of-tax rents for the land it uses in public 
projects. Differentiating (14) totally and ap- 
plying duality theory to the government cost 

function, yields i 


(15) (LE+LF+ LE) [tSr + r*at*) 


= S dq + LE- (r*dt* +(1+1t*)ér*) 


Finally, substituting (15) and (8) into (13) 
and performing some cancellations, we de- 
rive 


Z Z dl” 4 
(16) dw= ajdq = > agdQ* — E 


Observe that the formula is exactly as 
before except that the tax terms have disap- 
peared." And it is easy to show that the 


In my static model (without capital goods) there 
are no second best distortions due to taxation of land. 


@ 
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other formulas are modified in a the 
same way; i.e., 


ol” 
dq” 
ag q 





(17) dW? =azdq* — 03dQ?—- 


(18) dW°=- > a (= siting) 


kz 


The tax terms disappear in all these 
measures because there is no way of chang- 
ing the tax base in any of the communities. 
When one individual moves into community 
z from outside, he or she does indeed pay 
some taxes. However the individual(s) who 
are displaced pay less taxes by the same 
amount (unless the rental rates or tax rates 
have changed). But changes in the rental 
and tax rates have no net welfare implica- 
tions per se; an increase in the tax rate helps 


‘the government but hurts land users by an 


equal and opposite amount. Also, changes 
in the rental rates which leave tax rates 
unchanged have a neutral net effect; owners 
gain from an increase but users lose, and 
vice versa. Only changes in the tax base can 
have net welfare implications. 

The above statements are true both from 
the point of view of society and from the 
point of view of community z, since the 
owners and users of land in each commun- 
ity are all initially in that community. Ab- 
sentee ownership naturally will modify the 


results from the point of view of community - 


z (though not from the point of view of 
society). Let us analyze the implications of 
(16)—(18). The gap between private and so- 
cial incentive is now equal to the change in 
congestion cost induced in other communi- 
ties. Thus, communities will always be bi- 
ased against expansion as long as there is 
any congestion at all in other communities. 
Only if communities were small enough, so 
that there was no congestion at all, would 
private and social incentives be in agree- 
ment. 

How can it bè that changing the nature of 
taxation changes the character of the results 


so completely? The answer is that we have 


changed the social opportunity set in an 
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important way; once the tax base is fixed, 
we have restricted the “social flexibility” in 
choosing the size of communities. Indeed, it 
would be very surprising if the second best 
solution with fixed tax base had any im- 
plications at all for the first best dispersion 
of economic activity, and it will be shown 
that it does not in the next section. How- 
ever, it is still true that if (for whatever 
political reason) we constrain ourselves to a 
world in which communities employ prop- 
erty taxes on a fixed tax base, then individ- 
ual communities will find private incentives 
to be “more exclusive” than is desirable. 


V.. Property Taxation with Agricultural Zoning 


Now consider a case of property taxation 
in which the tax base can be expanded in 
response to market forces. To this end, think 
of the community land as being divided up 
between improved and unimproved land, 
with only the improved land being taxed. 
Unimproved land may be agricultural land 
or it may simply be unincorporated land. 
However, let us take the position that any 
boundary between these two types of land is 
subject to change in response to market 
forces; that is, the zoning of a particular 
piece of land is determined by the use to 
which the highest bidder for that land wants 
to put it. Hence there must be disadvantages 
associated with using unimproved land; 
either there must be building restrictions, 
use restrictions, or prohibitions on the use of 
public facilities for those occupying unim- 
proved land. 

We can incorporate the type of zoning 
described above into the notational frame- 
work of this paper most easily if we are 
willing to make one further simplifying 


assumption. Let us suppose that agents are 


divided (by type) into two mutually exclu- 
sive classes, one of which always uses im- 
proved land and one of which always uses 
unimproved land. For households, let A’ 
stand for the class of types who use im- 
proved land and A” for the class who use 
unimproved land. Then, for a& A‘, the ad 
valorem property tax must be paid on any 

land used, so we have ¢“ = 7*, and | 


T“ =t TY, aGA' als,j,k 
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On the other hand for a€ A“, %*=0, since 
no taxes are imposed on unimproved land. 

Similarly, firms are divided into two 
classes. Let II“ denote the profit function of 
firms using improved land (and therefore 
paying taxes), and II* denote the profit 
function of firms using unimproved land. 
The constraint on total land in community k 
is now written in the form 


(19) LE=L#Ħ+L™ 


=LP+LFE ELE + D+ Le 


where L“ stands for the vector of all land 
used for residential purposes by the class A’, 
and the other terms have analogous inter- 
pretations, It is assumed that free-market 
forces will establish (19) as a market-clear- 
ing condition; in particular, the division of 
land between improved and unimproved 
uses is determined by competition between 
the associated groups. 

We can now compute the welfare change 
to residents of community z. Aggregating 
separately over the initial residents from 
classes A’ and A“, combining results, and 
using (5), we derive 


dW* = a5dq’ — aĝdQ* + dR* + dIF — L7-6r? 
— tL- Sr? — r7- Ldt — L- Sr” 


Next, profits can be broken into its two 
component parts, yielding 


dIE = dI + dI" = — L-8r? — 7h 7-87? 


— Lat? — L*-8r? 


The final component needed in our analysis 
(the government budget balance condition) 
is of the same form as before, except that 
now we must take account of the fact that 
the tax base may change as a result of the 
project (for example, the improvement may 
attract outside taxpayers). Such a change 
leads to a first-order contribution to tax 
revenue equal to t7r7-5L”. The budget bal- 
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ance condition in differential form becomes 


ol : F P 
gy T LEd HLB + tr? BL” 


aL rd — EL “Or? — L2-8r? 
=( LÄ + LF) rdt + (LP + LF) Sr 
— L3-6r? + t7r?-8L" 
Performing the same sequence of sub- 


stitutions as in previous sections, we obtain 
finally 


(20) 





dW? = lay 5 Jar — agdQ7 + trL” 


Similar reasoning establishes the corre- 
sponding results for the welfare change to 
society: 





(21) dW= jaz- : | da? 


-> agdQ* + > t*r*® 63 
k k 


(22) dWw°= = | ¢*r*-8L™ — af dQ* | 
FZ 


The behavior of the model is now very 
much as it was in the case of lump sum 
taxation;-changes in the tax base matter in 
the same way in both situations. There is 
one important difference, however. In the 
lump sum case, new residents automatically 
brought in some new tax base, whereas now, 
they only generate new tax base if they 
increase the demand for taxable land. 


VI. The Optimal Dispersion of 
Economic Activity 


How should we evaluate the performance 
of the models in Sections III-V? So far, this 
paper has been confined to conditional 
statements. For example, we can say that if 
social policy is restricted to choices of pub- 
lic service levels and Tiebout-type lump sum 
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taxes with all other decisions being made 
according to free-market choice, then the 
gap between the private and social incentive 
to expand will be as measured in (10). If 
communities behave in a Nash way with 
respect to one another (rather than coordi- 
nating activities), this gap in incentives will 
lead to misallocation of resources relative to 
what would be second best optimal. The 
importance of the misallocation clearly de- 
pends on the ability of communities to 
attract residents (through improvement of 
public services) since the gap is proportional 
to induced migrations. Although we cannot 
evaluate the migration functions directly, we 
can discuss intuitively the nature of the mis- 
allocation. . 

Whenever tax rates exceed (on average) 
marginal congestion costs, (10) tells us that 
Nash communities will tend to be too ex- 
pansionary, engaging in expansionist pro- 
jects which would not be desirable to the 
society as a whole. Of course, if tax rates fall 
short (on average) of marginal congestion 
costs, myopic communities will tend to be 
too contractionary. These forces presumably 
will lead to an adjustment process in which 
the number and size distribution of com- 
munities. will change as some communities 
lose out to more successful and/or aggres- 
sive neighbors. Since expansion will tend to 
increase marginal congestion costs, and vice 
versa, I suggest that these forces will lead 
toward an outcome in which tax rates equal 
marginal congestion costs. If such an out- 
come were somehow reached, the private 
and social marginal incentives would be in 
agreement. . 

Of course, the situation is quite different 
if we pass to the model of Section IV in 
which all taxation in the community must 
be ad valorem property taxation on a fixed 
tax base. With the world described in that 
way, communities always have an incentive 
to underexpand (relative to what is now sec- 
ond best optimal) as long as there is any 
congestion at all on public facilities; each 
community gains nothing from the addition 
of a new resident (the tax base is not ex- 
panded) but must incur the congestion cost. 
To the extent that communities are success- 
ful in restricting. entry by controlling the 
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level of public services, we expect an out- 
come involving relatively small uncongested 
communities. 

The reason that the two analyses just 
given can differ so markedly in their conclu- 
sions is that the concept of the second best 
optimum is completely different in the two 
cases. Indeed, the second best optimum in 
Section IV is quite restrictive relative to that 
of Section III (or V). With the tax base and 
size of the community (as determined by the 
taxed land area) fixed (as in Section IV), 
there is very little latitude to society in de- 
termining the relative size of communities; 
consequently, the second best optimum is 
not very interesting from a normative point 
of view. 

The second best optimum of Section V is 
closer to a first best. There, the tax base of a 
community is variable, and the division of 
land use in an area between concentrations 
of economic activity (Communities) and rel- 
atively “self-sufficient” use (farms) is an en- 
dogenous choice. We can even think of the 
number of towns as being a variable in this 
model; a community will disappear if its tax 
rates and public service levels reach some 
minimal level, so, as long as we initialize the 
model with a sufficiently large collection of 
potential communities, the number of com- 
munities is endogenous to the model. 

However, no matter how careful we are in | 
generating latitude in the size and composi- 
tion of communities by refining the models 
of Sections III and V, the welfare optimum 
will still be second best, as long as the 
tax system is constrained to treat equals 
equally. The first best optimum cannot be 
decentralized unless equals are treated un- 
equally.!® 

Let us reexamine the congestion tax with 
this fact in mind. When this tax is con- 
sistently charged, there is no marginal social 
incentive to expand. or contract any com- 
munity, according to the measures devel- 
oped above. Does this mean that such taxes 
are optimal? Interestingly, congestion taxes 
are known to be first best optimal for de- 
termining the best size for a nonspatial club 
(see Buchanan, 1965, who was the first to 


18Compare Mirrlees. 
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show this); members should be added to 
such a club until the congestion cost im- 


posed by a new addition just offsets the’ 


cost-spreading benefits derived from new 
tax payments. 

However, it has been determined recently 
that this rule is definitely not optimal for 
determining the best size for a spatial club 
of the type studied here (see my 1974 
paper). Intuitively, the optimal spatial club 
trades off the increasing returns aspects of 
tax spreading (measured by the tax revenue) 
against the diminishing returns aspects of 
congestion (measured by the congestion 
costs) plus the diminishing returns effect of 
increased average transport cost within the 
town as town size increases (measured by 
some fraction of the transport costs). 

Therefore, at the true first best welfare 
optimum, the cost of the public goods 
should exceed congestion costs; indeed, I 
showed in my 1974 paper that a congestion 
tax together with a 100 percent tax on dif- 
ferential land rent would be optimal. And if 
communities expand until their congestion 
costs are as large as the cost of public goods 
(as they will tend to in the models of Sec- 
tions III and V), they clearly will be too 
large relative to what is first best. 

There is a good intuitive argument 
why communities will ignore the increas- 
ed transport costs in their calculations. 
Residents (who are the decision-making 
group) do not pay the “market” costs of 
expansion (only the congestion costs). Those 
who move in pay the market costs; either 
they pay the increased transport costs di- 
rectly (if they live on the outskirts) or they 
pay them indirectly by moving into the 
center and paying a higher rent to a resident 
(owner) who moves out. Established owners 
make money on land and will encourage 
new residents even when it would be better 
from the point of view of society for a new 
community to form. 

Assuming that communities coordinate 
their activities and make decisions on the 
basis of equation (21), there is still a bias 
from the failure to tax equals unequally, 
although the direction of the bias is harder 
to determine. However, we have seen that it 
is not desirable to tax at marginal conges- 
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tion costs, even though such a policy would 
appear to correct for the second best distor- 
tion in equation (9). Fortunately, there is no 
paradox here. It is well known from the 
general theory of second best that it is not 
necessarily desirable to eliminate distortions 
from one part of the economy if there are 
other distortions elsewhere. Here, the rele- 
vant “other” distortion derives from the fact 
that we have treated equals equally. When 
an individual moves from a small commun- 
ity to the boundary of a large one, his or her 
marginal utility of income goes down since 
part of any additional dollar is wasted on 
higher rents or added transport. The “extra” 
transport cost which is a concomitant of 
larger cities is ignored in the second best 
welfare measures of Section IHI. 


VH. Conclusions 


I have explored a model in which com- 
munities compete for residents in a Nash 
way. I showed that such communities 
may have a bias toward over- or underex- 
pansion depending on the nature of taxa- 
tion. Communities restricted to the use of 
property taxes on a fixed tax base will try to 
be more exclusive than is first best optimal; 
the prototype for such a community would 
be a particular suburb within a larger 
metropolitan area. I would expect such 
communities to follow restrictive-entry pol- 
icies to the extent that they are free to act 
independently. 

On the other hand, communities which 
can employ more general types of taxation, 
or for which the property tax base is poten- 
tially variable, have an incentive to over- 
expand relative to the first best optimum. 
The prototype for such a community would 
be a metropolitan area (to the extent that it 
is able to coordinate the planning of its 
subcommunities). 
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On the Impossibility of Informationally 
Efficient Markets 


By SANFORD J. GROSSMAN AND JOSEPH E. STIGLITZ* 


If competitive equilibrium is defined as a 
situation in which prices are such that all 
arbitrage profits are eliminated, is it possible 
that a competitive economy always be in 
equilibrium? Clearly not, for then those who 
arbitrage make no (private) return from 
their (privately) costly activity. Hence the 
assumptions that all markets, including that 
for information, are always in equilibrium 
and always perfectly arbitraged are incon- 
sistent when arbitrage is costly. 

We propose here a model in which there 
is an equilibrium degree of disequilibrium: 
prices reflect the information of informed 
individuals (arbitrageurs) but only partially, 
so that those who expend resources to ob- 
tain information do receive compensation. 
How informative the price system is de- 
pends on the number of individuals who are 
informed; but the number of individuals 
who are informed is itself an endogenous 
variable in the model. 

The model is the stmplest one in which 
prices perform a well-articulated role in con- 
veying information from the informed to the 
uninformed. When informed individuals ob- 
serve information that the return to a secur- 
ity is going to be high, they bid its price up, 
and conversely when they observe informa- 
tion that the return is going to be low. Thus 
the price system makes publicly available 
the information obtained by informed indi- 
viduals to the uniformed. In general, how- 
ever, it does this imperfectly; this is perhaps 
lucky, for were it to do it perfectly, an 
equilibrium would not exist. 

In the introduction, we shall discuss the 
general methodology and present some con- 
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jectures concerning certain properties of the 
equilibrium. The remaining analytic sections 
of the paper are devoted to analyzing in 
detail an important example of our general 
model, in which our conjectures concerning 
the nature of the equilibrium can be shown 
to be correct. We conclude with a discussion 
of the implications of our approach and 
results, with particular emphasis on the rela- 
tionship of our results to the literature on 
“efficient capital markets.” 


I. The Model 


Our model can be viewed as an extension 
of the noisy rational expectations model in- 
troduced by Robert Lucas and applied to 
the study of information flows between 
traders by Jerry Green (1973); Grossman 
(1975, 1976, 1978); and Richard Kihistrom 
and Leonard Mirman. There are two assets: 
a safe asset yielding a return R, and a risky 
asset, the return to which, u, varies ran- 
domly from period to period. The variable u 
consists of two parts, 


(1) 


where @ is observable at a cost c, and e is 
unobservable.! Both @ and e are random 
variables. There are two types of individu- 
als, those who observe @ (informed traders), 
and those who observe only price (unin- 
formed traders). In our simple model, all 
individuals are, ex ante, identical; whether 
they are informed or uninformed just de- 
pends on whether they have spent c to ob- 
tain information. Informed traders’ de- 
mands will depend on @ and the price of the 
risky asset P. Uninformed traders’ demands 


u=O+¢e 


An alternative interpretation is that @ is a “mea- 
surement” of u with error. The mathematics of this 
alternative interpretation differ slightly, but the results 
are identical. 
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will depend only on P, but we shall assume 
that they have rational expectations; they 
learn the relationship between the distribu- 
tion of return and the price, and use this in 
deriving their demand for the risky assets. If 
x denotes the supply of the risky asset, an 
equilibrium when a given percentage, A, of 
traders are informed, is thus a price function 
P,(@,x) such that, when demands are for- 
mulated in the way described, demand 
equals supply. We assume that uninformed 
traders do not observe x. Uninformed 
traders are prevented from learning @ via 
observations of P,(8,x) because they can- 
not distinguish variations in price due to 
changes in the informed trader’s informa- 
tion from variations in price due to changes 
in aggregate supply. Clearly, P,(@,x) reveals 
some of the informed trader’s information 
to the uninformed traders. 

We can calculate the expected utility of 
the informed and the expected utility of the 
uninformed. If the former ts greater than the 
latter (taking account of the cost of infor- 
mation), some individuals switch from being 
uninformed to being informed (and con- 
versely). An overall equilibrium requires the 
two to have the same expected utility. As 
more individuals become informed, the ex- 
pected utility of the informed falls relative 
to the uninformed for two reasons: 

(a) The price system becomes more in- 
formative because variations in @ have a 
greater effect on aggregate demand and thus 
on price when more traders observe 8. Thus, 
more of the information of the informed is 
‘ available to the uninformed. Moreover, the 
informed gain more from trade with the 
uninformed than do the uninformed. The 
informed, on average, buy securities when 
they are “underpriced” and sell them when 
they are “overpriced” (relative -to what 
they would have been if information were 
equalized)? As the price system becomes 
more informative, the difference in their in- 
formation—and hence the magnitude by 


The framework described herein does not explicitly 
model the effect of variations in supply, i.e, x on 
commodity storage. The effect of futures markets and 
storage capabilities on the informativeness of the price 
system was studied by Grossman (1975, 1977). 
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which the informed can gain relative to the 
uninformed—is reduced. 

(b) Even if the above effect did not 
occur, the increase in the ratio of informed 
to uninformed means that the relative gains 
of the informed, on a per capita basis, in 
trading with the uninformed will be smaller. 

We summarize the above characterization 
of the. equilibrium of the economy in the 
following two conjectures: 

Conjecture 1: The more individuals who 
are informed, the more informative is the 
price system. 

Conjecture 2: The more individuals who 
are informed, the lower the ratio of expected 
utility of the informed to the uninformed. 

(Conjecture 1 obviously requires a defini- 
tion of “more informative”; this is given in 
the next section and in fn. 7.) 

The equilibrium number of informed and 
uninformed individuals in the economy will 
depend on a number of critical parameters: 
the cost of information, how informative the 
price system is (how much noise there is to 
interfere with the information conveyed by 
the price system), and how informative the 
information obtained by an informed indi- 
vidual is. 

Conjecture 3: The higher the cost of 
information, the smaller will be the equi- 
librium percentage of individuals who are 
informed. 

Conjecture 4: If the quality of the in- 
formed trader’s information increases, the 
more their demands will vary with their 
information -and thus the more prices will 
vary with 8. Hence, the price system be- 
comes more informative. The equilibrium 
proportion of informed to uninformed may 
be either increased or decreased, because 
even though the value of being informed has 
increased due to the increased quality of 9, 
the value of being uninformed has also in- 
creased because the price system becomes 
more informative. 

Conjecture 5: The greater the magni- 
tude of noise, the less informative will the 
price system be, and hence the lower the 
expected utility of uninformed individuals. 
Hence, in equilibrium the greater the magni- 
tude of noise, the larger the proportion of 
informed individuals. 
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Conjecture 6: In the limit, when there is 
no noise, prices convey all information, and 
there is no incentive to purchase informa- 
tion. Hence, the only possible equilibrium is 
one with no information. But if everyone is 
uninformed, it clearly pays some individual 
to become informed. Thus, there does not 
exist a competitive equilibrium.* 

Trade among individuals occurs either be- 
cause tastes (risk aversions) differ, endow- 
ments differ, or beliefs differ. This paper 
focuses on the last of these three. An inter- 
esting feature of the equilibrium is that be- 


liefs may be precisely identical in either one 


of two situations: when all individuals are 
informed or when all individuals are unin- 
formed. This gives rise to: 

Conjecture 7: That, other things being 
equal, markets will be thinner under those 
conditions in which the percentage of indi- 
viduals who are informed (A) is either near 
zero or near unity. For example, markets 
will be thin when there is very little noise in 
the system (so A is near zero), or when costs 
of information are very low (so A is near 
unity). 

In the last few paragraphs, we have pro- 
vided a number of conjectures describing 
the nature of the equilibrium when prices 
convey information. Unfortunately, we have 
not been able to obtain a general proof of 
any of these propositions. What we have 
been able to do is to analyze in detail an 
interesting example, entailing constant ab- 
solute risk-aversion utility functions and 
normally distributed random variables. In 
this example, the equilibrium price distribu- 
tion can actually be calculated, and all of 


3That is, with no one informed, an individual can’ 


only get information by paying c dollars, since no 
information is revealed by the price system. By paying 


c dollars an individual will be able to predict better’ 


than the market when it is optimal to hold the risky 
asset as opposed to the risk-free asset. Thus his ex- 
pected utility will be higher than an uninformed person 
gross of information costs. Thus for c sufficiently low 
all uninformed people will desire to be informed. 

4See-Grossman (1975, 1977) for a formal example of 
this phenomenon in futures markets. See Stiglitz (1971, 
1974) for a general discussion of information and the 
possibility of nonexistence of equilibrium in capital 
markets. 


GROSSMAN AND STIGLITZ: EFFICIENT MARKETS 395 


the conjectures provided above can be veri- 
fied. The next sections are devoted to solv- 
ing for the equilibrium in this particular 
example.° 


iI. Constant Absolute Risk-Aversion Model 
A. The Securities 


The ith trader is assumed to be endowed 
with stocks of two types of securities: M, 
the riskless asset, and X, a risky asset. Let P 
be the current price of risky assets and set 
the price of risk free assets equal to unity. 
The ith trader’s budget constraint is - 


(2) PX,+ M,= Wo =M; + PX; 


Each unit of the risk free asset pays R 
“dollars” at the end of the period, while 
each unit of the risky asset pays u dollars. If 
at the end of the period, the ith trader holds 
a portfolio (M,,X;), his wealth will be 


(3) W,,= RM, + uX, 
B. Individual’s Utility Maximization 


Each individual has a utility function 
V{W,,;). For simplicity, we assume all indi- 
viduals have the same utility function and 
so drop the subscripts i. Moreover, we 
assume the utility function is exponential, 
i.e., 


V( W) — eh : 


where a is the coefficient of absolute risk 
aversion. Each trader desires to maximize 
expected utility, using whatever information 
is available to him, and to decide on what 
information to acquire on the basis of the 
consequences to his expected utility. 

Assume that in equation (1) @ and e have 
a multivariate normal distribution, with 


(4) Ee=0 
(5) Ede = 0 
(6) . Var(u*|@)= Vare*=07>0 \ 


a>0O 


>The informational equilibria discussed here may 
not, in general, exist. See Green (1977). Of course, for 
the utility function we choose equilibrium does exist. 
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since -and e are uncorrelated. Throughout 
this paper we will put a * above a symbol to 
emphasize that it is a random variable. 
Since W; is a linear function of e, for a 
given portfolio allocation, and a linear func- 
tion of a normally distributed random vari- 
able is normally distributed, it follows that 
W is normal conditional on @. Then, using 
(2) and (3) the expected utility of the in- 
formed trader with information @ can be 
written, 


(7) E Wile) = 
~exp( - a{ £[ WIO] 5 Vart W310)} 
= -exp( -a| RW, X,( Eu) - RP } 


; a 


5 X7 Var(u*|0) |) 


= —exp( -a| RWo,+.X,(8- RP) 


ni 5 žo? |) 


where X, is an informed individual’s de- 

_mand for the risky security. Maximizing (7) 
with respect to X, yields a demand function 
for risky assets: 


0 — RP 


2 
K 


(8) > X (P,0)= 





The right-hand side of (8) shows the familiar 
result that with constant absolute risk aver- 


sion, a trader’s demand does not depend on — 


wealth; hence the subscript i is not on the 
left-hand side of (8). 

We now derive the demand function for 
the uninformed. Let us assume the only 
source of “noise” is the per capita supply of 
the.risky security x. : 

Let P*(-) be some particular price func- 
tion of (8,x) such that u* and P* are jointly 
normally distributed. (We will prove that 
this exists below.) 
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Then, we can write for the uninformed 
individual 


(1) B(V(W4)|P*)= —exp| — af E[ Wi? ] 


-5 Var[ wilP*]} | 


= -exp] -af RWy+ Xy(E[ ut] PP] —RP) 
— 5x% Var{u*(P*]} | 


The demands of the uninformed will thus be 
a function of the price function P* and the 
actual price P. 


(8) X,(P; P*) 
_ El u*|P*(8,x) = P|—RP 
a Var| u*|P*(0,x)= P| 


C. Equilibrium Price Distribution 


If A is some particular fraction of traders 
who decide to become informed, then define 
an equilibrium price system as a function of 
(@,x),P,(8,x), such that for all (0,x) per 
capita demands for the risky assets equal 
supplies: 


(9) AX, (P,(9,x), 9) 


_ +(1—-A)X,(P,(0,x); P*)=x 


The function P,(@,x) is a statistical 
equilibrium in the following sense. If over 
time uninformed traders observe many re- 
alizations of (u*,P*), then they learn the 
joint distribution of (u*, P*). After all learn- 
ing about the joint distribution of (u*, P¥) 
ceases, all traders will make allocations and 
form expectations such that this joint dis- 
tribution persists over time. This follows 
from (8), (8’), and (9), where the market- 
clearing price that comes about is the one 
which takes into account the fact that unin- 
formed traders have learned that it contains 
information. 
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We shall now prove that there exists an 
equilibrium price distribution such that P* 
and u* are jointly normal. Moreover, we 
shall be able to characterize the price dis- 
tribution. We define 


ao? 
À 





(10a) w (0,x)=0- E(x- Ex*) 


for A>0, and define w.(@,x) as the number: 


(10b) w(6,x)=x for all (0,x) 

where w, is just the random variable @, plus 
noise.© The magnitude of the noise is in- 
versely proportional to the proportion of 
informed traders, but is proportional to the 
variance of e. We shall prove that the 
equilibrium price is just a linear function of 
w,. Thus, if A>0, the price system conveys 
information about 8, but it does so imper- 
fectly. 


D. Existence of Equilibrium and 
a Characterization Theorem 


THEOREM 1: If (0*,e*,x*) has a nonde- 
generate joint normal distribution such that 
0*, e*, and x* are mutually independent, then 
there exists a solution to (9) which has the 
form P,(8,x)=a,+a,w,(0,x), where a, and 
a, are real numbers which may depend on i, 
such that a,>0. (If A=0, the price contains 
no information about 8.) The exact form of 
P,(9,x) is given in equation (A10) in Appen- 
dix B. The proof of this theorem is also in 
Appendix B. 


The importance of Theorem 1 rests in the 
simple characterization of the information 
in the equilibrium price system: P¥ is infor- 
mationally equivalent to w*. From (10) w¥ 
is a “mean-preserving spread” of 8; i.e., 
E[wx|0@]= 6 and 


a’ot 
(11) Var| wž|0] = x *- Var x* 





2 


Sif y’=y+Z, and E[Z|y}]=0, then y’ is just y plus 
noise. ; 
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For each replication of the economy, ĝ is 
the information that uninformed traders 
would like to know. But the noise x* 
prevents w* from revealing 8. How well- 
informed uninformed traders can become 
from observing P* (equivalently wy) is 
measured by Var[w*|@]. When Var[wx|6] is 
zero, wy and @ are perfectly correlated. 
Hence when uninformed firms observe wf, 
this is equivalent to observing @. On the 
other hand, when Var[w¥|@] is very large, 
there are “many” realizations of wt that are 
associated with a given @. In this case the 
observation of a particular wy tells very 
little about the actual @ which generated it.’ 

From equation (11) it is clear that large 
noise (high Varx*) leads to an imprecise 
price system. The other factor which de- 
termines the precision of the price system 
(a’o4/X) is more subtle. When a is small 
(the individual is not very risk averse) or o2 
is small (the information is very precise), an 
informed trader will have a demand for 
risky assets which is very responsive to 
changes in 6. Further, the larger A is, the 
more responsive is the total demand of in- 
formed traders. Thus small (a*o*/A*) means 
that the aggregate demand of informed 
traders is very responsive to 9. For a fixed 
amount of noise (i.e. fixed Varx*) the 
larger are the movements in aggregate de- 
mand which are due to movements in 9, the 
more will price movements be due to move- 
ments in @. That is, x* becomes less im- 
portant relative to @ in determining rice 
movements. Therefore, for small (a’o/X”) 
uninformed traders are able to confidently 
know that price is, for example, unusually 
high due to @ being high. In this way infor- 
mation from informed traders is transferred 
to uninformed traders. 


7Formally, w% is an experiment in the sense of 
Blackwell which gives information about 8. It is easy to 
show that, ceteris paribus, the smaller Var(w%|@) the 
more “informative” (or sufficient) in the sense of 
Blackwell, is the experiment; see Grossman, Kihlstrom, 
and Mirman (p. 539). 
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E. Equilibrium in the Information Market 


What we have characterized so far is the 
equilibrium price distribution for given A. 
We now define an overall equilibrium to be 
a pair (A, PX) such that the expected utility 
of the informed is equal to that of the unin- 
formed. if O<A<1; A=0O if the expected 
utility of the informed is less than that of 
the uninformed at Pj; A=1 if the expected 
utility of the informed is greater than the 
uninformed at Př. Let 


(12a) Wi =R(Wai— c) 
+[u— RP, (0,x)|X,(P,(0,x),0) 
(12b) Wp, =RW,, 
+[u— RP, (0,x)]Xu(P (0, x); PX) 


where c is the cost of observing a realization 
of @*. Equation (12a) gives the end of period 
wealth of a trader if he decides to become 
informed, while (12b) gives his wealth if he 
decides to be uninformed. Note that end of 
period wealth is random due to the random- 
ness of W,,, u, 0, and x. 

In evaluating the expected utility of WÀ, 
we do not assume that a trader knows which 
realization of @* he gets to observe if he 
pays c dollars. A trader pays c dollars and 
then gets to observe some realization of @*. 
The overall expected utility of WÈ averages 
over all possible @*, e*, x*, and Wo; The 
variable W,, is random for two reasons. 
First from (2) it depends on P,(@,x), which 
is random as (6,x) is random. Secondly, in 
what follows we will assume that X; is ran- 
dom. 

We will show below that EV(WA)/ 
EV(W}) is independent of i, but is a func- 
tion of A, a; c, and o. More precisely, in 
Appendix B we prove 


THEOREM 2: Under the assumptions of 
Theorem 1, and if X; is independent of 


(u*,8*,x*) then 
(13) EV( Wi = pat Var(u*|6) 
EV WR) Var(u*|) 


JUNE 1980 


F. Existence of Overall Equilibrium 


Theorem 2 is useful, both in proving the 
uniqueness of overall equilibrium and in 
analyzing comparative statics. Overall equi- 
librium, it will be recalled, requires that for 
O<A<1, EV(W,)/EV(W})=1. But from 
(13) 


aa 07n) 


EV(Wi) 


a ptt Var (u*|9) = 
f V Var(u*|w,) =) 
Hence overall equilibrium simply requires, 
for O<A< 1, 


(15) y(A)=1 
More precisely, we now prove 


THEOREM 3: Jf 0<A<1, yA)=1, and P* 
is given by (A10) in Appendix B, then (^, P*) 
is an overall equilibrium. If y(1)<1, then 
(1, Pf) is an overall equilibrium. If y(0)> 1, 
then (0, Pf) is an overall equilibrium. For all 
price equilibria P, which are monotone func- 
tions of w, there exists a unique overall 
equilibrium (A, PX). 


PROOF: 

The first three sentences follow im- 
mediately from the definition of overall 
equilibrium given above equation (12), and 
Theorems 1 and 2. Uniqueness follows from 
the monotonicity of y(-) which follows from 
(A11) and (14). The last two sentences in 
the statement of the theorem follow im- 
mediately. 


In the process of proving Theorem 3, we 
have noted 


COROLLARY 1: yA) is a strictly mono- 
tone increasing function of À. 


This looks paradoxical; we expect the 
ratio of informed to uninformed expected 
utility to be a decreasing function of A. But, 
we have defined utility as negative. Therefore 
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as À rises, the expected utility of informed 
traders does go down relative to uninformed 
traders. 1 

Note that the function y (0) = e°°(Var(u* | 
0)/Var u*)'/2, Figure 1 illustrates the de- 
termination of the equilibrium À. The figure 
assumes that y(0)<1<y(1). 


G. Characterization of Equilibrium 


We wish to provide some further char- 
acterization of the equilibrium. Let us define 





ge 2g? 

l6a m=( +] — 
2 
(16b) n= 2 
a 


Note that m is inversely related to the 
informativeness of the price system since the 
squared correlation coefficient between P% 
and 6*, p is given by 


: I 
2n 
(17) Po l+ m 


Similarly, n is directly related to the quality 
of the informed trader’s information be- 
cause n/(l1+n) is the squared correlation 
coefficient between 6* and u*. 

Equations (14) and (15) show that the 
cost of information c, determines the equi- 
librium ratio of information quality be- 
tween informed and uninformed traders 
(Var(u*|@))/ Var(u*|w,). From (1), (A11) of 
Appendix A, and (16), this can be written as 


(18) 


Var(u*|6@)  l+m -( 7mm \" 
Var(u*|w,) L+m+nm I+m 





Substituting (18) into (14) and using (15) 
we obtain, for O0<A< 1, in equilibrium 





es — ] 
19a m= ———— 
ee l+n-e 
or 
2ac _ 
(9%) 1-pz= 
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Ev(wà) 
EV(WA) y(n) 





eat var(u"l6) 
piled 


varu 


>O -m m m ee oe u ee oe oe oe 


FIGURE 1 


Note that (19) holds for y(0) < 1 <y(1), since 
these conditions insure that the equilibrium 
A is between zero and one. Equation (19b) 
shows that the equilibrium informativeness 
of the price system is determined completely 
by the cost of information c, the quality of 
the informed trader’s information n, and the 
degree of risk aversion a. 


H. Comparative Statics 


From equation. (19b), we immediately ob- 
tain some basic comparative statics results: 

1) An increase in the quality of infor- 
mation (n) increases the informativeness of 
the price system. 

2) A decrease in the cost of information 
increases the informativeness of the price 
system. 

3) A decrease in risk aversion leads 
informed individuals to take larger posi- 
tions, and this increases the informativeness 
of the price system. 

Further, all other changes in parameters, 
such that n, a, and c remain constant, 
do not change the equilibrium degree of in- 
formativeness of the price system; other 
changes lead only to particular changes in A 
of a magnitude to exactly offset them. For 
example: 

4) An increase in noise (02) increases 
the proportion of informed traders. At any 
given A, an increase in noise reduces the 
informativeness of the price system; but it 
increases the returns to information and 
leads more individuals to become informed; 
the remarkable result obtained above estab- 
lishes that the two effects exactly offset each 
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other so that the equilibrium informative- 
ness of the price system is unchanged. This 
can be illustrated diagrammatically if we 
note from (16a) that for a given A, an in- 
crease in o? raises m which from (18) lowers 
(Var(u*|0))/ Var(u*|w,). Thus from (14) a 
rise in of leads to a vertical downward shift 
of the yA) curve in Figure 1, and thus a 
higher value of A°. 

5) Similarly an increase in o? for 
a constant n (equivalent to an increase in 
the variance of u since n is constant) leads 
to an increased proportion of individuals 
becoming informed—and indeed again just 
enough to offset the increased variance, so 
that the degree of informativeness of the 
price system remains unchanged. This can 
also be seen from Figure 1 if (16) is used to 
note that an increase in o? with n held 
constant by raising o7 leads to an increase in 

m for a given A. From (18) and (14) this 
leads to a vertical downward shift of the 
y(A) curve and thus a higher value of A°. 

6) It is more difficult to determine what 
happens if, say oå increases, keeping o? con- 
stant (implying a fall in o), that is, the 
information obtained is more informative. 
This leads to an increase in n, which from 
(19b) implies that the equilibrium infor- 
mativeness of the price system rises. From 
(16) it is clear that m and nm both fall when 
of rises (keeping 07 = 0 + o? constant). This 
implies that the y(A) curve may shiit up or 
down depending on the precise values of c, 
a, and n.® This ambiguity arises because an 


8From (14) and (18) it is clear that A rises if and only 
if Var(u*|0)+ Var(u*|w,) falls due to the rise in of for 
a given A. This occurs if and only if nm/(1+ m) rises. 
Using (16) to differentiate nm/(1 +m) with respect, to 
a? subject to the constraint that do?=0 (Le. dof= 
— do*), we find that the sign of 


ag (Tem) "(1 
sa 


where y=e?°™%— 1 and the last equality follows from 
equation (19a). Thus for n very large the derivative is 
negative so that A falls due to an increase in the 
precision of the informed trader’s information. Simi- 
larly if n is sufficiently small, the derivative is positive 
and thus À rises. 
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improvement in the precision of informed 
traders’ information, with the cost of the 
information fixed, increases the benefit of 
being informed. However, some of the im- 
proved information is transmitted, via a 
more informative price system, to the unin- 
formed; this increases the benefits of being 
uninformed. If n is small, both the price 
system m is not very informative and the 
marginal value of information to informed 
traders is high. Thus the relative benefits of 
being informed rises when n rises; implying 
that the equilibrium A rises. Conversely 
when n is large the price system is very 
informative and the marginal value of infor- 
mation is low to informed traders so the 
relative benefits of being uninformed rises. 
7) From (14) it is clear that an increase 

in the cost of information c shifts the y(A) 
curve up and thus decreases the percentage 
of informed traders. 

The above results are summarized in the 
following theorem. 


THEOREM 4: For equilibrium À such that 
O<A<1: 

A. The equilibrium informativeness of the 
price system, pẹ, rises if n rises, c falls, or a 
falls. 

B. The equilibrium informativeness of the 
price system is unchanged if o? changes, or if 
o2 changes with n fixed. 

C. The equilibrium percentage of informed 
traders will rise if o? rises, o? rises for a fixed 
n, or c falls. 

D. If ñ satisfies i —1)/(i—(e?* —1))= 


< 
n/(ñ+1), then n > ñ implies that À falls 
(rises) due to an increase in n. 


PROOF: 
Parts A—C are proved in the above re- 
marks. Part D is proved in footnote 8. 


I. Price Cannot Fully Reflect Costly 
Information 


We now consider certain limiting cases, 
for y(0)<1<y(i), and show that equi- 
librium does not exist if c>0 and price is 
fully informative. 

1) As the cost of information goes to 
zero, the price system becomes more infor- 
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mative, but at a positive value of c, say ¢, all 
traders are informed. From (14) and (15) ¢ 


satisfies 
ac Var(u*|@) 
e o =] 
Var(u*|w,) 


2) From (19a) as the precision of the 
informed trader’s information n goes to in- 
finity, i.e o7->0 and aj—07, o? held fixed, 
the price system becomes perfectly informa- 


tive. Moreover the percentage of informed. 


traders goes to zero! This can be seen from 
(18) and (15). That is, as o2—>0, nm/(1+ m) 
must stay constant for equilibrium to be 
maintained. But from (19b) and (17), m 
falls as a? goes to zero. Therefore nm must 
fall, but nm must not go to zero or else nm / 
(1 +m) would not be constant. From (16) 
nm =(a/dy’o7o2, and thus A must go to zero 
to prevent nm from going to zero as o7-0. 

3) From (16a) and (19a) it is clear that 
as noise g? goes to zero, the percentage of 
informed traders goes to zero. Further, since 
(19a) implies that m does not change as o? 
changes, the informativeness of the price 
system is unchanged as 07-30. 

Assume that c is small enough so that it is 
worthwhile for a trader to become informed 
when no other trader is informed. Then if 
o*=( or o7=0, there exists no competitive 
equilibrium. To see this, note that equi- 
librium requires either that the ratio of ex- 
pected utility of the informed to the unin- 
formed be equal to unity, or that if the ratio 
is larger than unity, no one 'be informed. We 
shall show that when no one is informed, it 
is less than unity so that A=0 cannot be an 
equilibrium; but when A>O, it is greater 
than unity. That is, if o7=0 or o?=0, the 


ratio of expected utilities is not a continuous. 


function of A at A=0. 

This follows immediately from observing 
that at A=0, Var(u*|w,)= Varu*, and thus 
by (14) 


EV(Wi) _ gac o; 


0%) “E(w, 
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while if A>0, by (18) 
EV(Wh) _ a 1 
E v( Whi) l+n di 





m+] 
But if o7=0 or o7=0, then m=0, nm=0 for 
A>0, and hence 
EV( W} 
0 EV(WA) 


=e 


(21) 


It immediately follows that 


THEOREM 5: (a) If there is no noise (0? = 
0), an overall equilibrium does not exist if 
(and only if) e~<Vi+tn .(b) If information 
is perfect (07 =0,n= œ), there never exists an 
equilibrium. 


PROOF: 

(a) If e*<V1+z, then by (20) and (21), 
y(A) is discontinuous at A=0; A=0 is not an 
equilibrium since by (20) y(0)<1; A>O is 
not an equilibrium since by (21) yA) >l. 

(b) If o7=0 and of =o; so that informa- 
tion is perfect, then for A>0, nm=0 by (16) 
and hence y(A)> 1 by (21). From (20) y(0)= 
0<1. 


If there is no noise and some traders be- 
come informed, then all their information is 
transmitted to the uninformed by the price 
system. Hence each informed trader acting 
as a price taker thinks the informativeness 
of the price system will be unchanged if he 
becomes uninformed, so A>Q is not an 
equilibrium. On the other hand, if no 
traders are informed, then each uninformed 
trader learns nothing from the price system, 
and thus he has a desire to become in- 
formed (if e%<(1+n)'/*). Similarly if the 
informed traders get perfect information, 
then their demands are very sensitive to 
their information, so that the market-clear- 
ing price becomes very sensitive to their 
information and thus reveals @ to the unin- 
formed. Hence all traders desire to be un- 
informed. But if all traders are uninformed, 
each trader can eliminate the risk of his 
portfolio by the purchase of information, so 
each trader desires to be informed. 
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In the next section we show that the non- 
existence of competitive equilibrium can be 
thought of as the. breakdown of competitive 
markets due to lack of trade. That is, we will 
show that as g? gets very small, trade goes 
to zero and markets serve no function. Thus 
competitive markets close for lack of trade 
“before” equilibrium ceases to exist at 
oz = 0. 


II. On the Thinness of Speculative Markets 


In general, trade takes place because 
traders differ in endowments, preferences, 
or beliefs. Grossman (1975, 1977, 1978) has 
argued that differences in preferences are 
not a major factor in explaining the magni- 
tude of trade in speculative markets. For 
this reason the model in Section II gave all 
traders the same risk preferences (note that 
none of the results in Section II are affected 
by letting traders have different coefficients 
of absolute risk aversion). In this section we 
assume that trade requires differences in 
endowments or beliefs and dispense with 
differences in risk preference as an explana- 
tory variable.’ 

There is clearly some fixed cost in operat- 
ing a competitive market. If traders have to 
bear this cost, then trade in the market must 
be beneficial. Suppose traders have the same 
endowments and beliefs. Competitive equi- 
librium will leave them with allocations 
which are identical with their initial endow- 
ments. Hence, if it is costly to enter such a 
competitive market, no trader would ever 
enter. We will show below that in an im- 
portant class of situations, there is continu- 
ity in the amount of net trade. That is, when 
initial endowments are the same and peo- 


*In the model described in Section II it was assumed 
that an individual’s endowment X, is independent of 
the market’s per capita endowment x*. This was done 
primarily so there would not be useful information in 
an individual’s endowment about the total market en- 
dowment. Such information would be useful in equi- 
librium because an individual observes P,(8,x). If due 
to observing X, he knows something about x, then by 
observing P,(6,x), X; is valuable in making inferences 
about 0. To take this into account is possible, but 
would add undue complication to a model already 
overburdened with computations. 
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ples’ beliefs differ slightly, then the competi- 
tive equilibrium allocation that an individ- 
ual gets will be only slightly different from 
his initial endowment. Hence, there will 
only be a slight benefit to entering the com- 
petitive market. This could, for sufficiently 
high operating costs, be outweighed by the 
cost of entering the market. 

The amount of trade occurring at any 
date is a random variable; a function of @ 
and x. It is easy to show that it is a normally 
distributed random variable. Since one of 
the primary determinants of the size of 
markets is differences in beliefs, one might 
have conjectured that markets will be thin, 
in some sense, if almost all traders are either 


‘informed or uninformed. This is not, how- 


ever, obvious, since the amount of trade by 
any single trader may be a function of A as 
well, and a few active traders can do the job 
of many small traders. In our model, there is 
a sense, however, in which our conjecture is 
correct, 

We first calculate the magnitude of trades 
as a function of the exogenous parameters, 8 
and x. Let h=o7, x=Ex*, and 8 =E0*. 
(The actual trades will depend on the dis- 
tribution of random endowments across all 
of the traders, but these we shall net out.) 
Per capita net trade is ! 


(22) tamli -N| (m+ A) 
+[(m+1)n- 1}(0— 8) + nm | 
+[1+m+dAnm] | 


Calculation of distribution of net trades 


A 
ay O- RPA) 


(N| (F- RP) +mn+0-8- F] 
ah(l + m+ nm)n 


(9—- Cae (a4 a- G-Mtm)) 


l+m+nm 


+ = x 





P =) (i et) 
Gree 
(1—A)([(m-+ 1)n—1](0-8) + F*(x-3)) 


=x+ 
i ah(i+m-+Anm)n 
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Thus, the mean of total informed trade is 


(1 —A)Amx 


03) ENX -x)= ihn 


and its variance is 


(24) OASAN [(m+1)n-1] 





a\2 ee 
+(nm+ E) > =|. (14+ m+Anmyn? 


05 


In the last section we considered limiting 
values of the exogenous variables with the 
property that A-0. The following theorem 
will show that the mean and variance of 
trade go to zero as A->0. That is, the distri- 
bution of A(X,;— x) becomes degenerate at 
zero as A->0, This is not trivial because as 
A->0 due to n—>co (very precise informa- 
tion), the informed trader’s demand X,(?,@) 
goes to infinity at most prices because the 
risky asset becomes riskless with perfect in- 
formation. 


THEOREM 6: (a) For sufficiently large or 
small c, the mean and variance of trade is 
zero. (b) As the precision of informed traders’ 
information n goes to infinity, the mean and 
variance of trade go to zero. 


PROOF: 

(a) From remark 1) in Section II, Part I, 
A=1 if ¢<é, which from (23) and (24) im- 
plies trade is degenerate at Zero. From 
for c sufficiently large, say c°, y(0)=1, 


1+m+nm 


OF Ae 1+m+Anm 


(1 -X(+ 1- 10-8) + M x- ») 
Na ah(1+m-+nm)n 
X,;—- x= 


(O-N) (ams SP) xz) + [Gm+ 1) — 110-0) + Sm 


(1+m+Anm)n 
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the equilibrium A=0. As c goes to c° from 
a A-»0, and from (14), (15), and (18) 
Hime (1 +nm/(1+m))~'/2 = e-*. Hence 
lim,,,o(#m/1+m) is a finite positive num- 
ber. Thus from (22) mean trade goes to zero 
as ctc®. If the numerator and the denomina- 
tor of (24) are divided by (1+m)’, then 
again using the fact that m/l+m has a, 
finite limit gives the result that as ctc®, 
A-»0, and variance of trade goes to zero. 

(b) By (14), (15), and (18), nm/(1 + m) is 
constant as n—>oo. Further, from remark 2) - 
of Section II, Part I, A->0 as n->00c. Hence 
from (23) and (24), the mean and variance 
of trade go to zero. 

(c) From remark 3) in Section II, Part I, 
m is constant and A goes to zero as 07-90. 
Therefore mean trade goes to zero. In 
(24), note that (nm + ao2/d)’o2/oj = 
(nmo,,/ 0, +(m)'/*)*_ by (16a). Hence the 
variance of trade goes.to zero as 07-0. 


Note further that A(X, — x) + (1—A) 
(X,—x)=0 implies that no trade will take 
place as A->1. Thus, the result that competi- 
tive equilibrium is incompatible with infor- 
mationally efficient markets should be inter- 
preted as meaning that speculative markets 
where prices reveal a lot of information will 
be very thin because it will be composed of 
individuals with very similar beliefs. 


IV. On the Possibility of Perfect Markets 


In Section II we showed that the price 
system reveals the signal w; to traders, 
where 

2 


*) 





Thus, for given information of informed 
traders 9, the price system reveals a noisy 
version of 8. The noise is (ao? /A)(x — Ex*). 
Uninformed traders learn @ to within a ran- 
dom variable with mean zero and variance 
(ao? /d) Var x*, where ož is the precision of 
informed traders’ information, Var x* is the 
amount of endowment uncertainty, A the 
fraction of informed traders, and a is the 
degree of absolute risk aversion. Thus, in 
general the price system does not reveal all 
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the information about “the true value” of 


the risky asset. (0 is the true value of the 
risky asset in that it reflects the best availa- 
ble information about the asset’s worth.) 

The only way informed traders can earn a 
-return on their activity of information 
gathering, is if they can use their informa- 
tion to take positions in the market which 
are “better” than the positions of unin- 
formed traders. “Efficient Markets” theo- 
rists have claimed that “at any time prices 
fully reflect all available information” (see 
Eugene Fama, p. 383). If this were so then 
informed traders could not earn a return on 
their information. 

We showed that when the efficient mar- 
kets hypothesis is true and information 
is costly, competitive markets break down. 
This is because when o7=0 or Varx*=0, 
w,, and thus price, does reflect all the infor- 
mation. When this happens, each informed 
trader, because he is in a competitive 
market, feels that he could stop paying for 
information and do as well as a trader. who 
pays nothing for information. But all in- 
formed traders feel this way. Hence having 
any positive fraction informed is not an 
equilibrium. Having no one informed is also 
not an equilibrium, because then each 
trader, taking the price as given, feels that 
there are profits to be made from becoming 
informed. 

Efficient Markets theorists seem to be 
aware that costless information is a sufficient 
condition for prices to fully reflect all avail- 
able information (see Fama, p. 387); they 
are not aware that it is a necessary condi- 
tion. But this is a reducto ad absurdum, since 
price systems and competitive markets are 
important only when information is costly 
(see Fredrick Hayek, p. 452). 

We are attempting to redefine the 
Efficient Markets notion, not destroy it. We 
have shown that when information is very 
inexpensive, or when informed traders get 
very precise information, then equilibrium 
exists and the market price will reveal most 


of the informed traders’ information. How- 


ever, it was argued in Section II that such 
‘markets are likely to be thin because traders 
have almost homogeneous beliefs. 
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There is a further conflict. As Grossman 
(1975, 1977) showed, whenever there are 
differences in beliefs that are not completely 
arbitraged, there is an incentive to create a 
market. (Grossman, 1977, analyzed a model 
of a storable commodity whose spot price 
did not reveal all information because of the 
presence of noise. Thus traders were left 
with differences in beliefs about the future 
price of the commodity. This led to the 
opening of a futures market. But then unin- 
formed traders had two prices revealing in- 
formation to them, implying the elimination 
of noise.) But, because differences in beliefs 
are themselves -endogenous, arising out of 
expenditure on information and the infor- 
mativeness of the price system, the creation 
of markets eliminates the differences of be- 
liefs. which gave rise to them, and thus 
causes those markets to disappear. If the 
creation of markets were costless, as 
is conventionally assumed in equilibrium 
analyses, equilibrium would never exist. For 
instance, in our model, were we to introduce 
an additional security, say a security which 


paid 
„jI if 
g A if 


u> E@* 
u < EQ* 


then the demand y for this security by the 
informed would depend on its price, say q 
on p and on @, while the uninformed de- 
mand depends only on p and q: 


Ay/(9¢,p.8)+(1—A)y,(¢,p) =0 


is the condition that demand equals (supply 
is zero for a pure security). Under weak 
assumptions, g and p would convey all the 
information concerning @. Thus, the market 
would be “noiseless” and no equilibrium . 
could exist. . i l 

Thus, we could argue as soon as the 
assumptions of the conventional perfect 
capital markets model are modified to allow 
even a slight amount of information imper- 
fection and a slight cost of information, the 
traditional theory becomes untenable. There 
cannot. be as many securities as states 
of nature. For if there were, competitive 
equilibrium would not exist. 


VOL, 70 NO. 3 


It is only because. of costly transactions 
and the fact that this leads to there being a 
limited number of markets, that competitive 
equilibrium can be established. 

We have argued that because information 
is costly, prices cannot perfectly reflect the 
information which is available, since if it 
did, those who spent resources to obtain it 
would receive no compensation. There is a 
fundamental conflict between the efficiency 
with which markets spread information and 


the incentives to`acquire information. How- | 


ever, we ‘have said nothing regarding the 
social benefits of information, nor whether 
it is socially optimal to have “information- 
ally efficient markets.” We hope to examine 
the welfare properties of the equilibrium 
allocations herein in future work. 


APPENDIX A 


Here we collect some facts on conditional 
expectations used in the text. If X* and Y* 
are jointly normally distributed then 
(Al) E[X*|Y¥*= Y] 

Cov(X*, Y*) 

Var( Y*) 
(A2) Var[ X*|Y*=Y] 


| Cov(X*, wij’ 

Var( Y*) 
(See Paul Hoel, p: 200.) From (A1) note that 
E[X*|Y*] is a function of Y. If the expecta- 
tion of both sides of (Al) is taken, we see 
that 


(A3) 


Note that Var[X*| Y* = Y] is not a function 
_ Of Y, as Var(X*), Cov(X*, Y*), and Var(Y*) 


= EX*+ {Y-EY*) 


= Var(X*)— 


E{E[ X*|Y*=Y]} = EX* 


are just parameters of the joint distribution | 


of X* and Y*. 
: Two other relevant properties of condi- 
tional expectation are ` 


(A4) 
E{E[ Y*|F(X*)]|X*} =£[ ates 

(A5) 
E{ E[ ¥*|X]|F(X*)} =£[ Y*|F(X*)] 


sand = Var[ u*|P3 = P,(0,x) |= 


(Alic) 
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where F(-) is a given function on the range 
of X* (see Robert Ash, p. 260). 


APPENDIX B 


PROOF of Theorem 1: 
(a) Suppose A=0; then (9) bone 


(A6) Xy(Po(8, x), P$) = x 

Define l 

(AT) PO, OH 

where E is the variance of. u. Note that ) 


P,(8*,x*) is uncorrelated with u*, as x* is 


‘uncorrelated with u*. Hence 


(A8) E] [PS = P,(0,x) | = Eu* = EO* 
Vari u* } . 


Substitution of (A8) in (8) yields 

E6* — RP,(0,x) 

. aVaru 
Substitution of (A7) in the right-hand ‘side 
of (A9) yields X,(P§(0,x), P)=x which 


was to be shown. 
(b) Suppose 0<A< 1. Let 


(A9) Xy (Ps, Po(0,x)) = 





(A10) i 
Aam  (1—A)E[ u*|w,] Dass 
| | aor. aVar[u*|w,]. 
P,(0,x) = mi 
R A (1-A) 


ao? aVar| u*|w,] | 


Note that from equations (1), (10), (Al) and 
(A2): 


(Alla) 





E(u*|w,)= E0* + (m Ee) 


Oj 
Varw 


2 
E Vist AE oo 8 
(Allb) | Var(u*|w,) = 09 + 0; a 





2 


x 
ao 
Var w, = 07 + (Z) Var x* 
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Since P,(@,x) is a linear function of wy, it 
is immediate that E(u*|w,) =E(u*|P)), 
- Var(u*|w,)= Var(u*|P,), etc. To see that P¥ 
is an equilibrium, we must show that the 
following equation holds as an identity in 
(@,x), for P,(-) defined by (A10): 


(A12) 


a a Var| u*|w, | 7 


+(1—A) 


fs 


It is immediate from (10) that (A12) holds 
as an identity in @ and x. 


PROOF of Theorem 2: 

(a) Calculation of the expected utility of the 
informed. Using the fact that WÀ is normally 
distributed conditional on (X,,9, x) 


(A13) E| V(WR)|X,,8, x] 
=exp| _ af E| WX, 0,x | 


— S Var| WAX, 0,2] | 


Using (8), (12), and the fact that (9, x) de- 
termines a particular P, 


(Al4a) E| W}|X,,0,x|=R(Wo,—c) 


P (E[ u*|0] i RP,’ 


(A14b) , 
Var| Wi1X,,8, x | -2i nan = 


Substitution of (A14) into (A13) yields 


(A15) E| V(WA)LX,,0,x | 
= — exp —aR(Wy— c) 


T RP n) 
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Note that, as P*(-)= P, (8, x), ` 

(A16). E(E| V(W))X,,8,x]|P,,X;) 

= E| V( W} )| Py X; 


(see (A5). Note that since Wọ is non- 
stochastic conditional on (P,,X;), equation 
(A15) implies 


(A17) 


E| V(WA)|P,.X,| = —exp[ - aR(WA—c)]- 


E 


ex ~ zal uļ0] — Re) |PX, 








Note that by Theorem 1, conditioning on 
wx is equivalent to conditioning on PX. De- 
fine 


(A18) h =Var(E[ u*|0}|w,) 
= Var(0 |w,), ho =0} =h 
(ai) gas 


V 


Using (3) and (A18), equation ea can 
be written as 


(A20) E| V(W2)|P,X, | 





ME h 
=e*V(RW, JE o| — a z? m 








since X, and w, are independent. Condi- 
tional on w, P, is nonstochastic and 
E [u*]0] is normal. Hence conditional on 


_ W,,(Z*)?. has a noncentral chi-square dis- 


tribution (see C. Rao, p. 181). Then for 1>0 


the moment generating function for (Z*)* 


can be written 


(A21) El e~@"|w, | 


= 1 ais —(E[Z|w,])t 
VIF? — Ltt 
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Note that E[u*|6]= E[u*|0,x]. Hence 
= E| u*|w, | 


a? 
= E6* + Van E0*) 


(A22) El E[u*|6] |] 


since w, is just a function of (8,x). There- 
fore 


E{ u*|w,]— RP) 


Vh, 


(A23) ET Z*|w,]= 


Since u=@+.e 


(A24) 
Var(u*|w,) = 02 + Var(0*|w,) = 07+ hy 


The nondegeneracy assumptions on Cae e*, 
u*) imply A >0. Set t=(h,/207); and 
evaluate (A21) using (A23) and (A24): 


(A25) 
-h zn |- Vee 
E | l Var(u*|wy) 
oo =a Re 


2 Var(u*|w,) 
This permits the evaluation of (A20). 

(b) Calculation of expected utility of the 
uninformed. Equations (8), (5), and the nor- 
mality of WÀ; conditional on w, can be 
used to show, by calculations parallel to 
(A13)—(A25), that 








(A26) E | v( Walwa] 


= *lw,)— i 
Hence 
(A27) 


E| VWA Jw X; ] -E| VOB)» X,] 


acn | Var(u*|6) il 
Var(u*|w,) 


x E| V(Wh) |X, | 
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Taking expectations of both sides of (A27) 
yields: 


(A28) E| K(WR)]- EL V(Wù)] 
m= |e? Var(u*|@) x 
| Var(u*|w,) EV( Wii) 





Equation (13) follows immediately from 
(A28). 
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Further International Evidence 
on Output-Inflation Tradeoffs 


By RICHARD T. FROYEN AND ROGER N. WAub* 


This paper examines new international 
evidence on the natural rate hypothesis in a 
framework originally modeled and empiri- 
cally tested by Robert Lucas (1973). The 
Lucas model is in the spirit of the proposi- 
tion also put forward by Milton Friedman, 
Robert Barro, and Thomas Sargent and 
Neil Wallace: in a nutshell, output and em- 
ployment respond to aggregate demand 
shifts when firms and workers make errors 
predicting wages and prices, forming their 
expectations rationally, but with incomplete 
information. While this view has had its 
critics,’ it has gained increasing attention 
among economists and policymakers, and 
even in the popular press. l 

Lucas’s study was based on international 
data for the period 1952-67. Lucas himself 
found the data disappointing in that sixteen 
of the eighteen countries showed very simi- 
lar behavior as measured by the variances 
of price and nominal aggregate demand 
movements. Two other countries, Argentina 
and Paraguay, were much more volatile. 
The sample thus provided “two points,” 
Argentina and Paraguay, and the rest. The 
present study takes advantage of more re- 
cent data. The observations exhibit more 
varied price and aggregate demand behavior 
among countries at roughly similar develop- 
mental stages. The latter feature of the sam- 
ple is desirable because the test used by 
Lucas relies on the assumption that several 
important model parameters are “relatively 
stable across countries” (Lucas, 1973, 
p. 330). Further, for a number of industrial- 
ized countries, the years since 1967 (the end 


*Associate professor and professor of economics, 
respectively, University of North Carolina-Chapel Hill. 

ISee, for example, William Poole’s survey, particu- 
larly pp. 480-84 and Robert J. Gordon, pp. 131-32. 
Marcelle Arak critically reexamines the specification of 
Lucas’s model and tests an alternative specification on 
U.S. data for the same period Lucas considered. 
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point of the Lucas sample period) provide 
observations on a period characterized by 
much greater instability than for the same 
countries in the earlier period, at least as 
measured by aggregate price variance. Thus, 
tests of the implications of the Lucas model 
concerning the interrelationships among 
price variance, aggregate demand variance, 
and the terms of the output-inflation 
tradeoff can be made by comparing the 
behavior of a given country in what are 
apparently two regimes. The expanded 
opportunities for cross-country comparisons 
and the increased feasibility of making in- 
tertemporal comparisons in individual 
countries warrant a reexamination of the 
international evidence on output-inflation 
tradeoffs. 

Section I of the paper reviews the Lucas 
model as modified by Alex Cukierman and 
Paul Wachtel. Section II discusses the data 
for this study. The results of our reexamina- 
tion of the Lucas model are presented in 
Section III, and can be summarized as 
follows. The evidence supports the view that 
the output-inflation tradeoff deteriorates as 
the variance of the inflation rate increases, 
one implication of Lucas’s model. The 
Lucas model also predicts an inverse rela- 
tionship between the variance of the growth 
rate of nominal income (Lucas’s measure of 
aggregate demand variance) and the terms 
of the output-inflation tradeoff, Our tests do 
not provide evidence to support this pre- 
diction of the model. Additionally, in a 
number of cases we do not find that dif- 
ferences in aggregate demand variance 
provide an adequate explanation for dif- 
ferences in inflation variance across coun- 
tries and within a given country in different 
time periods, again contrary to the Lucas 
model’s prediction. Thus our results are not 
consistent with the sequence hypothesized 
by Lucas wherein differences in inflation 
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variance and, consequently, differing out- 
put-inflation tradeoffs are the results of dif- 
ferences in aggregate demand variance. 

In Section IV of the paper we reexamine 
the assumptions of the Lucas model in the 
light of our empirical evidence. Possible 
modifications which might make the model 
more consistent with the data are also dis- 
cussed. Section V considers the implications 
of our results for the natural rate hypothesis. 


I. A Brief Review of the Model 


The Lucas model is built on the premise 
that economic agents do not have enough 
information to distinguish relative from gen- 
eral price movements. As a result, suppliers 
of labor services and goods respond to price 
changes by changing quantity to a degree 
dependent on their past experience with the 
portion of price change in their market that 
typically represents a relative demand shift 
for their good or service, as opposed to a 
change in the general price level. In short, 
the greater (smaller) the variance g? of the 
general price level relative to the variance 7° 
of the market-specific price about the mean 


of the general price level, the smaller: 


(larger) will be the supply response in a 
specific market. When this process is aggre- 
gated across markets and agents are 
assumed to form expectations rationally, the 
model asserts that the greater the variance 
of the general price level relative to the 
variance of market-specific price changes, 
the less economic agents will be “fooled” 
into responding to nominal aggregate de- 
mand changes. 

Our reexamination of the international 
evidence on output-inflation tradeoffs will 
incorporate an important modification of 
Lucas’s model proposed in Cukierman and 
Wachtel. This modification introduces into 
the Lucas model individual equilibrium con- 
ditions for each of the markets. As a result 
of this modification, the variance of the 
market-specific price about the mean of the 
general price level is not constant, but will 
instead be a function of the variance of the 
economy-wide aggregate demand shock and 
the variance of a market-specific demand 
shock. Within this modified framework, the 
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economic agent’s problem is essentially un- 
changed. He is attempting to sort out rela- 


- tive price changes from aggregate price 


changes. The modified form of the model, 
however, has the advantage of consistency 
with the empirical evidence that the vari- 
ance of relative prices is systematically re- 
lated to aggregate price variance.” 

With the above modification, the equa- 
tion which gives a testable form of the 
Lucas hypothesis is given by 


(1) Ya= at TAX, +hy, ti 


where y,, is the residual (y,—Y„) from the 
fitted trend line y,,=a+ bt, y, is the log of 
real GNP, and Ax, is the change in x,, the 
log of nominal GNP. The parameter 7 
measures the response of real output to a 
nominal aggregate demand shock, as mea- 
sured by Ax,, and A is a speed of adjustment 
coefficient, |A| <1. 
The parameter 7 is given by 


a. aa 
K CEES 


where y is a coefficient giving the supply 
response to an unanticipated price change 
(see Lucas’s equation (3), 1973, p. 327), o2 is 
the variance of the market-specific demand 
shock and o? is the variance of the nominal 
ageregate demand shock.’ For fixed values 


2Additionally, as Cukierman and Wachtel (fn. 3) 
point out, it is only with this modification that Lucas’s 
central hypothesis concerning the relationship of the 
variance of nominal income change and size of the real 
response to such changes will follow unambiguously 
from the model. The model here incorporates this mod- 
ification, but differs from the model in Cukierman- 
Wachtel in-that we follow Lucas in allowing for a 
lagged response in the aggregate supply curve. The 
model in Barro also incorporates individual market- 
clearing conditions. Daniel Vining and Thomas Elwer- 
towski provide evidence on the relationship -between 
relative prices and the aggregate price level. 

As in the original Lucas model, the aggregate de- 
mand shock is measured by the change in nominal 
income (Ax), assumed to be normally distributed with 
mean ô and variance a2. The market-specific demand 
variable is a random shock whose realization differs in 
each market. The distribution of this random shock is 
assumed to be normal with mean zero and variance o2 
and identical across markets. The aggregate and 
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of y and 62, 7 will have a maximum value of 
y/( +y) at o2=0 and will decline mono- 
tonically to zero as o2 tends to infinity. 

The variance of the aggregate price level 
(o°) is given by 


2 


o 
O gta 
(1+ 6y)’ 
where =o, /(02+02) 


The closely related variance of the inflation 
rate will equal 207. Again, assuming given 
values of o2 and y, it can be shown that the 
variance of the inflation rate, which we de- 
note o is a monotonically increasing func- 
tion Na 0. 

There are three implications that follow 
from the amended Lucas model if we accept 
the assumption that y and oĉ are relatively 
stable across the populations ` we consider:° 

1) 7 and o? should be negatively corre- 
lated (from (2)); 

2) ož and o% should be positively corre- 
lated (from (3); 

3) 7 and o, should be negatively corre- 
lated (from (2) and (3). 

Lucas focused exclusively on the rela- 
tionship between 7 and o2. We will | also 
focus on the relationships involving o be- 
cause to do so provides some interesting 
insights as well as a check on the empirical 
consistency of the model when confronted 
with real world data. 


market-specific demand shocks are assumed to be inde- 
pendent of each other. Also note that since within this 
amended version (see Cukierman-Wachtel) of Lucas’s 
model 7? equals o2/(1+6@y)* and o? equals o2/(1+ 
Oyy, where 9 = A x tos) 7 can be written as w= 
¥/{(o? / TH+ which is the equivalent of Lucas’s 
expression for a (1973, p. 330). 
4As shown in Cukierman-Wachtel, 


ðo? /da?2 = {1+ by +24y(i—6)} >0 





a 
where 8 equals 02 /(a2+ 02). 
‘Within the amended model this assumption is the 


equivalent of Lucas’s assumption that y and 7? were 
relatively stable across countries. 


ae 
Tatio og + 
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I. Recent Inflationary Experience and the Data 


This study is based on annual data for 
1956-76 for ten industrialized countries: 
Belgium, Canada, France, West Germany, 
Italy, Japan, Netherlands, Switzerland, the 
United Kingdom, and the United States. In 
addition, quarterly data for Canada, Japan, 
the United Kingdom, and the United States 
for a comparable period were examined.° 
The most noticeable aspect of the data over 
the 1956-76 period is the significant in- 
crease in price variability, as measured by 
the estimate of 67. in many of the countries 
studied. This is illustrated in Table 1 where 
the estimate of o? is shown for each country 
for the whole 1957—76 period,’ and then for 
the subperiods obtained by splitting the 
period in half to give the estimate of o2 i for 
the 1957-66 period, and the estimate of o 
for the 1967-76 period. The countries are 


. arranged according to the size of the esti- 


mated ratio o + 03, as shown in column (3) 
—ranging from a high of 25.105 for the 
United Kingdom to a low of .878 in West 
Germany. . 

While the estimated ratio op + op, is 
greater than one for most countries, no ‘such 
pattern emerges for the estimated ratio 02, + 
o7, in these countries when the subperiods 
are compared in this fashion, as can be seen 
from column (4) of Table 1. The estimated 
o2, is greater than one in five of 
the ten countries and less than one in five 
others, including three of the six countries 
(United States, Japan, and Belgium) experi- 
encing substantial increases in inflation 
variability. We examine this difference in 
the behavior of our estimates of a n» and o? 
later in the paper. 

The evidence presented in Table 1 sug- 
gests that there has been a regime shift over 


°The source for all the annual data is International 
Financial Statistics, May 1977, 1978. Quarterly data 
were kindly made available to us by the Federal Re- 
serve Bank of St. Louis. Complete quarterly data cover- 
ing the whole time period and comparable to the an- 
nual data were unavailable for the other countries in 
the sample. For two other countries, Germany and 
Belgium, data were available for one of the subperiods 
we will consider, as is explained below. 

TWhile the data begins with 1956, the initial observa- 
tion is lost due to first differencing x and p. 
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‘TABLE 1—EsTIMATE OF o7, 07 FOR 1957-76, 1957—66, 1967-76 FOR TEN COUNTRIES, ANNUAL DATA 
Whole 
Period 1957—66 1967-76 Oo + on a2, +02) 
1957-76 (1) (2) 
United Kingdom o? 0.00293 0.00015 0.00368 25.105 
o2 0.00212 0.00016 0.00249 16.080 - 
Canada a, 0.00120 0.0001 1 0.00124 11.557 
o? 0.00145 0.00068 0.00114 1.691 
United States o? 0.00054 0.00005 0.00038 7.079 
o2 0.00059 0.00053 0.00036 0.685 
Italy o 0.00247 0.00057 0.00297 5.195 
a2 0.00186 0.00052 0.00242 4.670 
Japan a 0.00142 0.00052 0.00187 3.578 
o2 0.00161 0.00209 0.00099 0.476 
Belgium o? 0.00095 0.00030 0.00094 3.131 
, o2 0.00119 0.00073 0.00071 0.977 
Switzerland o? 0.00051 0.00024 0.00052 2.141 
o2 0.00140 0.00067 0.00212 3.183 
France o? 0.00081 0.00061 0.00075 1.235 
| o2 0.00046 0.00034 0.00051 1.500 - 
Netherlands o? 0.00065 0.00042 0.00042 1.000 
o2 0.00110 0.00137 0.00028 0.206 
West Germany a? 0.00052 0.00052 0.00046 0.878 
a2 0.00125 0.00106 0.853 


0.00116 


the 1956-76 period for several countries, a 
finding consistent with even casual observa- 
tion of events since 1967. For this reason, 
we examined the two regimes separately. 
This was done in three different ways. First, 
we arbitrarily split the whole period into the 
two equal subperiods 1957—66 and 1967—76, 
. Second, we split the whole period in each 
country into the two subperiods which 
showed. the maximum difference (in ratio 
form) between the size of that country’s 
estimated price variance ø? calculated for 
each subperiod. Finally, we split the whole 
period in each country into the two subperi- 
ods showing the maximum difference be- 
tween the size of the estimated nominal 
income variance ø? calculated for each 
subperiod.® Quarterly data for the four 


The procedure for choosing the breakpoint that 
maximized the difference between the estimates of both 
a? and ož between subperiods was to search over all 
possible breakpoints subject to the constraint of having 
at least eight observations in each subperiod for the 
annual data, and twenty observations in each sub- 
period for the quarterly data. 


countries, Canada, Japan, the United King- 
dom, and the United States, were examined 
in similar fashion. 


HI. The Results 


Table 2 presents the estimates of 7 and 
R? for equation (1) for the annual data for 
the whole period 1957-76, and for each 
of the subperiods 1957-66 and 1967-76? 
Estimates using the available quarterly data. 
are shown in Table 3.’° Estimates with 


*The complete results for the estimation of equation 
(1), including those for the two splits by maximum 
difference criteria, are piven in an Appendix, Tables 
A:l, A:2, A:3, which is available on request from the 
authors. 

l0More complete quarterly estimates are given in 
Table _A:4 of the Appendix. The estimates in Table 3 
are for the 1957-75 period and the subperieds 1957—66 
and 1967-75. For four countries (United States, United 
Kingdom, Japan, and’ Canada) quarterly data were 
available to estimate the model for a somewhat longer 
time period going back as far as 1953 and extending 
through 1976. These estimates were not significantly 
different from those in Table 3. A summary of the 
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TABLE 2—ESTIMATE OF 7 FOR 1957—76, 1957-66, 1967-76 FoR TEN COUNTRIES, ANNUAL DATA 


Whole 
Period 1957-66 1967—76 oh + of o2, +02, 
Country 1957-76 (1) (2) (3) (4) 
United Kingdom T —0.119 1,207 —0,249 25.105 16.080. 
t (— 1.379) (9.176) (~ 1.947) 
R? 0.350 0.949 0.520 
Canada v 0.230 0.580 0.216 11.557 1.691 
-t (2.801) (15.67) (1.308) 
R? 0.656 0.990 0.276 
-United States or 0.517 0.847 1.097 7.079 0.685 
t (2.693) (12.77) (2.194) 
R? 0.636 0.975 0.712 | 
Italy oF — 0,025 0.624 0.045 5.195 4.670 
t (—0.186) (3.233) (0.136) 
. R? 0.564 . 0.892 0.532 
Japan a 0.493 0.519 0.399 3.578 0.476 
t (2.634) (6.297) (0.768) 
R? 0.736 0.882 0.742 
Belgium y 0.336 0.422 0.598 3.131 0.977 
t (3.638) (4.653) (2.422) 
R? 0.623 0.875 0.593 
Switzerland a 0.927 0.832 0.937 2.141 3.183 
f (8.971) (6.326) (6.088) 
R? 0.925 0.936 0.945 
France qT — 0.122 — 0.296 0.238 1.235 1.500 
f (—0.574) (~ 1.318) (0.570) 
R? 0.565 0.711 0.596 
Netherlands r 0.450 0.434 0.860 1.000 0.206 
" t (3.956) (4.716) (2.067) l 
R? 0.625 0.790 0.594 
West Germany - ot 0.558 0.375 0.760 0.878 0:853 
t (4.819) (3.668) (3.855) 
R? 0.764 0.889 0.830 


quarterly data for Germany and Belgium 
are for the second period only, and for 
Belgium data were available beginning only 
in 1968. We focus first on cross-country 
comparisons and then consider intracountry 
comparisons over time. 


A. Cross-Country Comparisons 


. According to the amended Lucas model, 
we should expect to find a significant nega- 
tive correlation across countries between the 
estimated 7s and os, and similarly a nega- 
tive correlation between the estimated ys 
and os. There should be a positive correla- 
tion between the estimates of oF and of. For 


longer period quarterly estimates is given in Table A:5 
of an Appendix, available on request from the authors. 


the annual data these estimated correlation 
coefficients for the whole period and for 
each of the three sets of subperiods, chosen 
in the manner described above, are shown 


` in Table 4 along with their associated t-sta- 


tistics. The correlation coefficients between 
the estimated 7s and the gfs shown in the 
first row are statistically significant. For the 
time period as a whole and for the first 
subperiod, for each of the three data splits, 
the correlation coefficient between the esti- 
mates of v and ø is significant at the 5 
percent level. For the later subperiod, again 
for each method of dividing the period, this 
correlation coefficient is significant at the 1 
percent level. 

The other two predictions of the amended 
Lucas model do not receive such strong 
support from the data. None of the correla- 
tion coefficients between the estimates of o2 
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- TABLE 3~—ESTIMATE OF 77, a, AND o2, 1957-75, 1957—66, 1967-75, QUARTERLY DATA 


Country 


t 


Canada 


sa 3 AF 


3 
bo 


ah a 


Japan 


w~ 
w. 


‘United Kingdom 


a i 3 soe 


ta 


United States 


a 3 wast 


Q 
> te 


= Heh q MES 


Belgium“ 


West Germany 


X 
N 


t 


Whole 
Period . 
1957-75 


0.00010 


0.00020 
0.554 


(9.283) ` 


' 0.904 
0.00017 


0.00037 
0.619 
(9.418) 
0.954 
0.00040 


0.00053 
0.309 
(4.546) 
0.659 
0.00005 


0.00012 


0.820 
(11.770) 
` 0.963 


“Beginning second quarter, 1968 


First 
Period 
1957—66 


0.00003 
0.00019 
0.763 
(14.449) 
0.971 
0.00012 


0.00050 
0.609 

(11.609) 
0.916 
0.00015 


0.00027 
0.524 
(5.590) 
0.771 
0.00001 
0.00013 
0.852 

` (30,007) 
0.992 


Second 
Period 
1967-75 


0.00011 
0.00015 
0.597 
(5.321) 
0.831. 
0.00020 


0.00023 


0.668 


(4.617) 
0.935 


0.00054 
0.00071 
0.273 


(3.147) 
0.441 


- 0.00004 


0.00009 
0.999 


(22.139) . 


0.944 
0.00013 


0.00015 


. 0.411 


(2.97) 
886 
0.00007 


0.00019 
0.918 


(10.109) 


0.968 


2.2 
052 + O51 


3.667 


1.667 


3.60 


4.000 
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2 2 
gy2 + Ox 


0.789 


0.460 


2.62 


0.692 


TABLE 4— CORRELATIONS AMONG ESTIMATES OF 7, a, AND o? ACROSS COUNTRIES FOR 1957--76, 1957—66, 
, 1967—76, AND BY ‘SUBPERIOD SPLITS 
(t-statistics in-parentheses) 


Correlation 
Coefficient Whole Period 
Between . 1957-76 ` 
ET, o? — 0.684? 
 (—2.653) 
, 7,02 — 0.182 . 
(—0.524) ` 
0”, o? 0.7987 
(3.750) 


Period Split in Half 
1957-66 . 1967-76 ist Regime 
— 0:685? — 0.862° ~ 0.674? 
(—2.656) .(—4.815) (—2.582) | 
—0.175 © —0.577° ~ 0,006 
(—0.503) (— 1.897) {(—0.018) 
0.393 0.744? 0.372 
(1.208) (3. 145) (1.132) 


- 0,823. 
(—4.095) 
—0.522 | 
(—1.731) 
0.744? 
(3.145) 


ist Regime 


— 0.690? 
(—2.697) 
—0.030 
(—0.084) 
0.504 

(1.649) 


Note: of = =: variance of change in Jog of price; a? = variance of change in log of nominal income. 


“Significant at 1 percent level. 
Significant at 5 percent level. 


Significant at 10 percent level. 


Split by Maximum o2, ~o% Split by Maximum o2, — 


2d Regine: 2d Regime 


0.7918 


(—3.660) 
—0.434 
(— 1.363) 
0.706" 
(2.817) 
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and v are significant at the 5 percent level. 
At the 10 percent level the correlation be- 
tween the estimates of o? and 7 was signifi- 


cant, but only for the second subperiod . 


- of the arbitrary split. The correlation coef- 
ficient between o? and of is significant 
at the 1 percent fevel for the period as a 
whole, but this correlation seems to stem 
from the relationship between these two 
variances in the second subperiod. For the 
earlier subperiod one cannot reject the hy- 
pothesis that the estimates of o? and of are 
uncorrelated even at the 10 percent level. In 
this regard it is interesting that in the second 
subperiod where the estimates of of and of 
are more highly correlated, there is a some- 
what stronger correlation between the esti- 
mates of 7 and o. 

Statistical cross-country comparisons of 
the quarterly estimates are limited by the 
small sample of countries, but the estimated 
correlation coefficients follow a pattern sim- 
ilar to those given in. Table 4. Specifically, 
we find the same negative correlations be- 
tween the estimates of o? and 7. For the 
whole period the estimated correlation coef- 
ficient is —.91 and for the two subperiods 
1957-66 and 1967—76, the values are —.99 
and —.77, respectively. All these values are 
significant at the 10 percent level and the 
value for the first subperiod is significant at 
the 1 percent level. Again, the relationship 
between the estimates of 7 and o? is less 
strong. While the corresponding three corre- 
lation coefficients are all negative, none is 
significant at the 10 percent level. 


B. Intracountry Comparisons Over Time 


To facilitate comparisons of intracountry 
estimates over time, the countries in our 
sample are arranged in Table 2 according to 
the size of the estimated ratio. of o% + 0). 

According to the natural rate hypothesis, 
one would expect the output-inflation trade- 
off to have worsened .in countries where 
aggregate price variance has increased sub- 
stantially. A similar pattern of decline in 7 
estimates should be observed where o? 
estimates have increased. For the countries 
where estimates of o? and of have remained 
stable (or declined), 7 estimates should have 
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remained stable (or increased). Finally, the 
estimated variances of o? and ø? should 
have moved in tandem. The first six 
countries listed in Table I (United King- 
dom, Canada, United States, Italy, Japan, 
and Belgium) are those which have ex- 
perienced substantially increased inflation 
variance in the second subperiod.'! The 


- last two countries (the Netherlands and 


West Germany) have had stable inflation 
variance—in the case of West Germany a 
small decline. Switzerland had a relatively 
mild increase in inflation variance. For the 
other country in the sample, France, the 
model simply did not fit well. While we 
include France in any cross-country tests, 
we cannot discern any shifts through time in 
estimated q coefficients which were in all 
cases insignificant and generally had the 
wrong sign. 

Three kinds of intracountry comparisons 


are presented. First we examine the esti- 


mates of 7, 02, and 0, from the two subperi- 
ods. Second, further evidence comes from 
the results of Chow tests to see if one can 
reject the hypothesis that the set of 
coefficients in equation (1) is stable across 
the two subperiods in each country. Third, a 
dummy variable (d,) was entered to test for 
a shift in the value of the m coefficient 
across the two subperiods. This variable, 
equal to zero in the first subperiod and one 
in the second, enters multiplied by Ax, and 
its coefficient measures the change in the 7 
coefficient between subperiods. These esti- 
mates and their implications for the rela- 
tionships among ~, o2,.and o are discussed 
below for the annual and quarterly data, 
respectively. 


1. Annual Results 

For the annual data for the subperiods 
obtained by the arbitrary split of the whole 
period, estimates are given in Table 2.'* The 


"The hypothesis o7,= 07, can be rejected at the 5 


. percent level for the first five countries. In Belgium the 


same hypothesis can be rejected at the 10 percent level. 
This test assumes, as did Lucas, that the distribution of 
the aggregate price level is normal. 

12Complete results for estimates for subperiods split 
by maximum difference in price and nominal income 


416 | THE AMERICAN ECONOMIC REVIEW 


TABLE 5-—-TESTS OF COEFFICIENT STABILITY WHEN 
THE PERIOD IS DIVIDED BY ARBITRARY SPLIT; 
1957—66, 1967-76 ` 
(t-statistics in parentheses) 





Country Chow Statistic d, 

United Kingdom 5.09° ~~ 0.088 
(-~ 0.571) 

Canada 2.88 — 0,133 
(— 1.438) 
United States 4.16 — 0.367% 
(— 3.044) 

Italy 0.88 — 0.150 
(-~ 1.163) 

‘Japan 0.65 ~~ 0.143 
g (— 1.297) 

Belgium 1.38 — 0.089 
(~ 0.983) 
Switzerland 1.54 —~ 0.144° 
(— 1.784) 

France 0.77 — 0.074 
(-- 0.830) 

Netherlands 0.84 ~~ 0,062 
(~~ 0.738) 

' West Germany 1.97 —~- 0.062 
(~~ 0.710) 





“Significant at the 1 percent level. 
>Significant at the 10 percent level. 


calculated Chow statistics and the estimated 
coefficients for the dummy variable d, for 


each of the countries are given in Table 5. ` 


As was noted in the discussion of Table 1, 
the positive relationship between the esti- 
mates of o? and o*, which is predicted by 
the Lucas model, is not always apparent in 
the behavior of our estimates of 07 and o 
for the two subperiods. In three countries 
which experienced substantial increases in 
estimated o (United States, Belgium, and 
Japan), the estimate of o? actually fell in the 
second subperiod. In Canada a quite large 
increase in estimated inflation variance 
(estimate of o%,/07,=11.557) was accom- 
panied by only as ight 3 increase in the esti- 
mated nominal income variance (estimate of 


variances appear in Tables A:2 and A:3 of an Appen- 
dix, available on request from the authors. Results with 
the period split according to these criteria did not differ 
markedly from those obtained with the arbitrary split 
of the data, and we do not discuss those estimates in 
this section. | 
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o*,/02,= 1.691). In the Netherlands there 
was’ a substantial decline in the estimate of 
o? (estimate of o2,/07,=.206), while the 
estimate of o,, was unchanged. In the other 
countries (United Kingdom, Italy, Switzer- 
land, France, West Germany) estimated a? 
and o; did move together. 

As for the predicted negative correlations 
for (0° ,7) and (02,7), the evidence from the 
annual data is not conclusive. The pattern 
of coefficient change for estimated a be- 
tween the first and second subperiods is in 
line with the prediction on the basis of the 
estimated ratio o%,+0,, for a majority of 
the countries in the sample. Among the 
countries which had substantially increased 
price variability, estimated v fell in four of 
the countries (United Kingdom, Japan, 
Canada, Italy). In the two price stable 
countries (West Germany and the Nether- 
lands) estimated 7 rose in the second sub- 
period. For two countries (United States, 
Belgium) estimated q increased even though 
estimated o rose. In Switzerland estimated 
q also increased with a mild increase in 
estimated a 

The ch ae on the hypothesized nega- 
tive correlation between o? and 7 is not 
easily assessed. According to the Lucas 
model, a rise in o? should decrease q be- 
cause it will increase o”, the aggregate price 
variance (see our fn. 3), ‘and lead agents to 
attribute a greater portion of the observed 
price change in their market to an aggregate 
price disturbance. Consequently, it is only 
for those countries where estimates of of 


and 0?(=202) move in the same direction 


that the results are consistent with the Lucas 
model. Among the four countries where 
estimated ož and o? did move together, in 
three (United Kingdom, Italy, West Ger- 
many) the y estimate moved in the expected 
direction, In the fourth, Switzerland, esti- 
mated o> and of rose moderately and esti- 
mated 7 also rose, contrary to expectation. 
While such an examination of the esti- 
mated coefficients from the two subperiods 
may be suggestive, as can be seen from the 
Chow statistics and the estimated coef- 
ficients on the dummy variable measuring a - 
shift in the 7 coefficient, the annual data do 
not reveal a strong pattern of significant 
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coefficient change which would be predicted 
on the basis of movements in estimated o? 
and o. 2. Among the six countries experienc- 
ing substantial increases in inflation vari- 
ance, the Chow statistic is significant at the 
01 level in two (United Kingdom and 
United States) and at the 10 percent level in 
one (Canada). These are the three countries 
with the greatest increase in inflation vari- 
ance. In the other three countries experi- 
encing substantial increases in inflation 
variance however, the Chow statistic is in- 
significant. Furthermore, the coefficient on 
the dummy variable testing for a shift in 
estimated a is significant at the | percent or 
even 5 percent level only for the United 
States. 


2. Quarterly Results 

For comparisons of a given country 
through time, the quarterly data provide 
more conclusive evidence on the relation- 
ship of 7 to of and aż. Estimates for the two 
subperiods for.Canada, Japan, the United 
Kingdom, and the United States were given 
in Table 3. Table 6 shows the Chow statis- 
tics along with the estimated coefficients on 
the dummy variable that tests for a shift in 
the m coefficient between the two periods. 
For these four countries—all among the 
group experiencing substantial increases in 
inflation variance—the Chow test indicates 
that the hypothesis of coefficient stability 
over the two subperiods can be rejected at 
the 1 percent level. The estimated coef- 
ficients on the dummy variable indicate that 
a significant decline in the 7 coefficient took 
place in the second subperiod in all four 
countries. The estimated dummy variable 
coefficient was significant at the 1 percent 
level for the United States, the United King- 
dom, and Canada, and at the 5 percent level 
for Japan.” 

However the estimates from the quarterly 
data provide little support for the Lucas 


3Notice though that while the coefficient dummy 
variable indicates a significant drop in the 7 coefficient 
for all four countries, in two countries (United States 
and Japan) the point estimate for the coefficient in the 
second subperiod is higher than in the first. 
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TABLE 6——-CHOW STATISTICS, ESTIMATED 7, 
AND d, FOR QUARTERLY DATA 
(t-statistics in parentheses) 


Country Chow Statistic d d ° 
United Kingdom 4.854" 0.6037 — 0.338" 
(5.151) (—3.043) 
Canada 6.766° 0.754" —0.268° 
n (10.326) (— 4.086) 
United States 12.932" 1.024 — 0.340 
(14.471) (—5.319) 
Japan 3.634" 0.676° —0.155° 


(9.969) (—2.432) 


aSignificant at the 1 percent level. 
Significant at the 5 percent level. 
“Dummy variable, 7 coefficient. 


hypothesis that increases in o7 cause in- 
creases in o z and consequent declines i in 7. 
Only in the ‘United Kingdom i is the behavior 


of the estimates of o$, o?, and w consistent 
with the predictions of the Lucas model. 


IV. The Model Reconsidered 


The estimates in the previous section. 
allowed tests of three implications of the 
Lucas model with the following results. 

1) Estimates of a and o? should be nega- 
tively correlated. This proposition did not 
receive general support from either the 
cross-country tests or tests for a given 
country through time. 

2) Estimates of 0; and o? should be 
positively correlated. Our cross-country tests 
supported this proposition only in the sec- 
ond of the subperiods considered. In- 
tracountry changes in estimates of o? and o 
between subperiods did not mirror oo 
other closely. 

3) Estimates of a and o; should be nega- 
tively correlated. This implication of the 
Lucas model was supported quite strongly 
by our cross-country tests. The results of the 
tests on individual countries through time 
were less conclusive. Tests with annual data 
did not show a pattern of statistically sig- 
nificant changes in estimated mw coefficients 
for countries with substantial increases in 

Quarterly data for four countries which 
A have substantial increases in ož, showed 
evidence of a significant decline in the 
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estimated 7 coefficients. The quarterly data 
containing many more observations may 
provide a more powerful test for coefficient 
change. 

Thus, our evidence does indicate that the 
terms of the output-inflation tradeoff de- 
teriorate as inflation variance increases. 
‘This negative correlation between estimates 
of m and øo? provides support for the 
assumptions Lucas makes concerning the 
information structure governing the actions 
of the agents in his model. He assumes that 
agents cannot distinguish relative from gen- 
eral price movements but that they react 
only. to perceived movements in relative 
prices. If agents form their expectations op- 
timally, the higher the variance of the 
aggregate price level (67 =07/2), whatever 
the cause, the greater the degree to which a 
given price change in an individual market 
will be taken to result from an aggregate 
price change. A higher aggregate price vari- 
ance will result, ceteris paribus, in a lower 
real output response. 

However, the results of the previous sec- 
tion do not provide support for the other 
two correlations (1 and 2 above) implied by 
the model. The discrepency between the 
model’s predictions and our results calls for 
a reconsideration of the basic assumptions 
of the Lucas model, quite apart from those 
concerning the information structure. We 
will then consider possible modifications of 
these assumptions which might make the 
model more consistent with the data. 

Three basic assumptions of the Lucas 
model are that: 

A. “cyclical movements result mainly 
from demand shifts” (Lucas, 1977, p. 731). 

B. “r* and y are relatively stable across 
countries” (Lucas, 1973, p. 330). 

C. “nominal output is- determined on 
the aggregate demand side of the economy” 
(Lucas, 1973, p. 326). We consider each in 
turn. 


A. Cyclical Movements Result Mainly 
from Demand Shifts 


The first of the assumptions listed above, 
that of the demand-determined nature of 
cyclical income movements, would seem to 
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require some modification in light of the 
supply shocks which have been experienced 
by industrialized countries in recent years. 
Within the Lucas model, such supply shocks 
have no systematic role. They would be 
among the unmodeled disturbances which 
cause his equations to be only approximate 
explanations of income behavior, but, as 
such, cannot explain systematic differences 
in the behavior of economies across coun- 
tries or through time.'* Yet considering the 
two subperiods for our estimates, it appears 
that supply disturbances were more im- 
portant in the second subperiod than the 
first, and this may explain the divergent 
movements of inflation variance and nomi- 
nal income variance which occurred in 
several countries. To see this we consider a 
modified version of the Lucas model with 
an explicit aggregate supply disturbance. 
The effect of including a relative supply 
disturbance will also be discussed below. 
The aim of this analysis is not to provide a 
model which takes account of all aspects of 
supply shocks, but rather to suggest how 
adding such a supply shock to the model in 
a very simple way provides a possible ex- 
planation of some of our results. 

Equation (4) is a modification of Lucas’s 
supply equation for an individual market, 
indexed by v, which adds an explicit aggre- 
gate supply disturbance p, assumed to be 
normally distributed with zero mean, 


(4) 
¥ (0) =Yapt YO( Pv) — By) + AY, t-10) + h 


where p~ N(0,0;). This equation, together 
with the demand relation,” 


(5) y,(o)+p,(e) =x, +Ax,+w,(v) 


where Ax,~N(6,02) and w,(v)~N(0, 02) 
forms the basis for the derivation of the 
ageregate income equation, equivalent to 
equation (1) above. With the addition of the 


Lucas (1977, p. 731) points out the existence of 
some other (but unspecified) disturbance which causes 
the supply curve to be less than an exact fit. 

I5¥fere as above we consider the Lucas model as 
modified by Cukierman-Wachtel. 
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supply disturbance, assuming all three dis- 
turbances are independent of each other, we 
get the following expressions for 7 and o2 


y g= Y 

2) (02+ 02)/o2+(1+y) 
2 24. 2 

(6) otmrg2= A * %) 
(1 + by) 
2 

with da 


ype? era 
0, to, +o, 


It follows directly that an increase in the 
variance of the aggregate supply disturbance 
will lower the real output response to an 
aggregate demand shock (ðm/ðo; <0). It 
can also be shown that such an increase in 
a, increases o7, for a given o7.'° 

Thus, the revised model would have the 
Implication that if the more recent sub- 
period was characterized by more variable 
supply disturbances, as seems plausible, 
those countries experiencing such distur- 
bances would for a given o2 have higher 
values of O and lower values ‘of q, both the 
result of the rise in On. Such increased vari- 
ance of the supply disturbance can explain 
the increased price variance experienced by 
several countries where there was no in- 
crease in estimated oł. Differences across 
countries in the variances of supply shocks 
may also provide an explanation for the first 
subperiod in Table 4 where there is a signifi- 
cant negative correlation between the 7 and 
o; estimates, but not between the r and o2 
estimates. 

Other models of the natural rate hypoth- 
esis have included explicit random aggre- 
gate supply disturbances (see Sargent and 
Wallace, and Barro). With random dis- 
turbances to the supply curve it will be the 
case that the natural rate of output is itself 
stochastic, depending on the value taken on 
by the supply disturbance. Otherwise, these 
models are not greatly affected by the pres- 
ence of a supply disturbance. As noted 


'6The expression Q07/do7 is identical to that given 
for 3o? / 3o? in fn. 4 above. with the redefined 8. 
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above, however, we do not advance the 
treatment here as a completely adequate 
way in which to model the type of supply 
disturbances alluded to above—poor world 
grain harvests, oil cartels, etc. We suggest 
only that the data indicate that we need to 
take account of such supply shocks in ex- 
plaining observed changes in estimated o2 
and the related changes in estimated 7. The 
ultimate model that would result from ade- 
quately treating such supply phenomena 
and the resulting implications for the nat- 
ural rate hypothesis remain subjects for fur- 
ther investigation. 

Relative supply shocks can also be added 
to the model. If ail shocks are mutually 
independent, an increased variance of the 
relative supply disturbance would reduce 
the variance of the inflation rate and in- 
crease the m coefficient.” There is some 
question whether supply shocks such as 
those from poor world grain harvests or the 
formation of an oil cartel should be re- 
garded as relative or aggregate. Such supply 
shocks are clearly not market specific, in 
that they affect a broad number of markets 
and appear more closely approximated by 
aggregate shocks to supply. There may 
be interdependence between aggregate and 
market specific shocks on both the supply 
and demand sides of the model, broadening 
the question raised by Cukierman. and by 
Vining and Elwertowski concerning causal 
relations between relative and aggregate 
shocks which we discuss in the next subsec- 
tion. 


B. 7? and y are Relatively Stable 
Across Countries 


In the version of the Lucas model used 
here, the assumption equivalent to the sec- 


17 Adding a relative supply disturbance would mean 
putting a market indexed disturbance into equation (4). 
Denote such a disturbance »(v)~N(0,07), then the 
resulting expression for 7 is 


2 Y 
(02+ 02) /(o2 +07) +(1+y7) 


Equation (6) remains unchanged except that now = 
(07 + 02)/(02 +07-+02+02). From these expressions it 
follows that On / do? >0, and aa 5/902 <0. 
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ond basic assumption is that y, the supply 
response coefficient, and o2, the variance of 
the market-specific demand shock, are as- 
sumed to be relatively stable both across 
countries and for a given country over the 
two subperiods. Additionally, the distribu- 
tions of the relative and aggregate demand 
disturbances (07 and 02) are assumed to be 
independent. Vining and Elwertowski ques- 
tioned Lucas’s original assumption that o° 
(aggregate price variance o?=07/2) and 
T? were unrelated, hence, implicitly the 
assumption that 7 could be assumed con- 
stant across countries where and o2 
varied. Cukierman pointed out that a model 
where o? and oł were unrelated could ex- 
plain the related changes in 7° and o°, docu- 
mented by Vining and Elwertowski, if the 


movements in 7? and o° both are dominated - 


by movements in 0%. 

„Our evidence indicates that increases in 
o? do not appear to explain the increases 
in o* that have occurred in several countries 
between the two subperiods we have ex- 
amined (recall that o°= 02/(1 + Oy) and 0 = 

o2 /(o2 +07) in fn. 3), and across countries 
doiig the first subperiod. Disturbances on 
the supply side provide one explanation for 
this disparity in the behavior of the esti- 
mates of o; and o2. Alternatively, this could 
be a reflection of either interdependence of 
the distributions of the relative and aggre- 
gate demand shocks or of systematic dif- 
ferences in the distribution of relative de- 
mand shocks across countries or over time. 
However a substantive evaluation of these 
possibilities is precluded by the unobserva- 
bility of 0. 


C. Nominal Output is Determined on the 
Aggregate Demand Side of the Economy 


The last of Lucas’s assumptions, that 
nominal income is demand determined, 
takes explicit form in his assumption that 
the aggregate demand curve is unit elastic. 
If aggregate demand is not unit elastic, 
shifts in the supply schedule will cause 
changes in nominal income, and therefore 
Ax, in (1) cannot be assumed exogenous; it 
will be contemporaneously correlated with 
the disturbance term and this will give rise 
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to biased estimates if (1) is estimated by 
ordinary least squares.'® To check this possi- 
bility we reestimated (1) for each country 
and all subperiods using instrumental vari- 
ables in place of Ax, The instruments were 
the money stock, exports, and the lagged 
value of y„ Overall, the results using instru- 
mental variables did not suggest significant 
differences from the ordinary least squares 
results. !? 


YV. Conclusion 


Our reexamination of the international 
evidence suggests a negative correlation be- 
tween aggregate price or inflation variance 
and the terms of the output-inflation 
tradeoff. Such a negative correlation is a 
prediction of neoclassical models, including 
Lucas’s, which assume that agents react 
only to relative prices and form expectations 
optimally, but with only imperfect informa- 
tion.” In this sense our findings are sup- 
portive of one important element of the 
natural rate hypothesis. 

The Lucas model also predicts a negative 
correlation between “the terms of the 
output-inflation tradeoff (7) and the vari- 
ance of the change in nominal income (07) 
as well as a positive correlation between the 
variances of inflation (a, 2 and nominal in- 
come change (02). Our “tests provided less 
evidence of such correlations. In the version 
employed here, the Lucas hypothesis is that 
systematic variations across countries in 
both v and o? stem predominantly from 
differences in o2. This sequence is not sup- 
ported by the data. We find that variations 
in estimates of ø? do not provide a sufficient 
explanation of variations in estimates of 7 
or g2 in tests both across countries or for a 
given country between subperiods. In Sec- 
tion IV we considered modifications which 


18 Arak provides some evidence for the United States 
indicating that aggregate demand is not unit elastic and 
she analyzes the resulting possible bias. See also, how- . 
ever, Lucas’s reply (1977, p. 730). 

The complete set of instrumental variable esti- 
mates is given in Table A:6 of an Appendix, available 
on request from the authors. 

20Other examples of such neoclassical models in- 
clude Barro and Lucas (1972). . 


. 
oe 
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might make the model more consistent with — 


the data. Modification of the model to in- 
clude an aggregate supply disturbance pro- 
duces a specification not inconsistent with 
ae observed behavior of the estimates of ož, 

2 and a. Interdependencies between rela- 
tue and aggregate disturbances were sug- 
gested as another possible explanation of 
discrepancies. between the model’s predic- 
tions and the data. Such interdependencies 
may exist on either the supply or demand 
side. Moreover there could be interdepen- 
dencies between the demand and the supply 
sides. . 
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Global Properties of Flexible Functional Forms 


d 


By DOUGLAS W. CAVES AND LAURITS R. CHRISTENSEN* 


The economist who wishes -to apply the 
neoclassical theory of consumer behavior to 
a body of data must specify a functional 
representation of consumer preferences.’ 
The set of functional forms which are plau- 
sible candidates to represent consumer pref- 
erences has grown rapidly in the past de- 
cade. This growth is attributable ,to the 
application of duality theory to economic 
analysis and the concomitant development 
of flexible functional forms.’ In this context 
flexibility is defined as the ability to repre- 
sent consumer preferences without placing 
any prior restrictions on the full set of price 
and income elasticities at a base point. 

Several flexible functional forms have 
been proposed. A partial list of these forms 
includes the generalized Leontief (GL), 
the translog (TŁ), the generalized Cobb- 
Douglas (GCD), the generalized square root 
quadratic (GSRQ), and the generalized 
Box-Cox (GBC). Since, by definition, all 
these forms have the same attractive local 
property, it is not clear how the practitioner 
should choose among them. Three recent 
papers have discussed the issue of choosing 
among flexible forms. Terence Wales per- 
formed a Monte Carlo study to investigate 


*Economics department, University of Wisconsin- 
Madison. We wish to thank Beth Van Zummeren for 
proficient research assistance. A more detailed exposi- 
tion of the results in this paper is contained in discus- 
sion paper no. 7821 which is available from the Social 
Systems Research Institute. 

The issues discussed in this paper could equally 
well be couched in terms of the neoclassical theory of 
producer behavior. Rather than clutter the text with 
repeated references to both consumer and producer 
behavior, we consistently refer to the theory of con- 
sumer behavior. 

2See W. Erwin Diewert (1974) for an excellent 
survey of both applications of duality theory and flex- 
ible functional forms. Lawrence Lau provides further 
useful discussion. 

3The ‘GL, GCD, and GSRQ forms were introduced 
by Diewert (1971, 1973, 1974). The TL was developed 
by Christensen, Dale Jorgenson, and Lau (1971, 1975). 
Ernst Berndt and Mohammed Khaled proposed the 
GBC form. 
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the ability of the GL and TL forms to 
represent two-commodity homothetic pref- 
erences exhibiting a constant elasticity of 
substitution. He found that in some cases 


‘the GL performed better, while in other 


cases the TL performed better. Berndt, 
Masako Darrough, and Diewert used 
Canadian expenditure data to estimate 
three-commodity nonhomothetic GL, TL, 
and GCD forms. On the basis of better fit 
and conformity to neoclassical restrictions, 
they concluded that the TL form was the 
preferred form for their data set. Berndt and 
Khaled showed that the GBC form contains 
the GL, GSRQ, and TL forms as special or 
limiting cases. In their empirical example, 
statistical testing led to rejection of the 
GSRQ model; however, the GL was not 
rejected and results regarding the TL were 
inconclusive. 

The three papers cited above employed 
statistical analysis as the basis for choosing 
among functional forms. Implicit in these 
statistical investigations is the recognition 
that the ability of a function to perform well 
over a range of data points, in addition to 
the base point, is an important criterion to 
be used in choosing among flexible forms. 
This suggests that the global properties of 
flexible functional forms must be known 
before there can be adequate understanding 
of the differences among these forms. To 
date, however, there has been no systematic 
theoretical analysis of the global properties 
of these forms. The existing évidence is 
based entirely upon the empirical results 
from specific data sets. Hence it is difficult 
to utilize these results to gain general insight 
into the properties of different flexible func- 
tional forms or to choose among forms for 
particular applications. 

The purpose of this paper is to explore 
theoretically the global properties of the GL 
and TL forms. We confine our attention to 
these forms since to date they have received 
the widest discussion and application. The 
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exploration provides results which indicate 
the range of data points over which these 
forms provide acceptable models of con- 


sumer behavior. We begin with two-com-. 


modity homothetic preferences. In this sim- 
ple case it-is feasible to provide a taxonomy 
of results. In more general cases we provide 
formulas which are applicable for any num- 
ber of commodities and nonhomothetic con- 
sumer preferences. For these cases we pre- 
sent some examples but do not attempt to 
enumerate all possible results. 


I. Empirical implementation of the 
Neoclassical Theory of Consumer Behavior 


The traditional starting point for the 
neoclassical theory of consumer behavior is 
the specification of a direct utility function, 
U=U(X,,...,X,). The individual is pre- 
sumed to maximize this function subject to 
the fixed budget constraint Y= P,X,+ PX, 
+... +P,X,. If U is monotonically increas- 
ing in the X, and strictly quasi concave, 
there exists a one-to-one correspondence be- 
tween the direct utility function and an indi- 
rect utility function. The indirect utility 
function indicates the maximum utility at- 
tainable given any set of prices and total 
income, V= V((P,/Y),(P2/ Y),...,(P,/ Y)). 


The function V is a monotonically decreas- 


ing function of the P,/Y and strictly quasi 
convex. 

Since U and V are dual to each other, 
they provide alternative representations of 
any: particular set of consumer preferences. 
Specification of the indirect utility function 
is generally more attractive for empirical 
application, since it results in a set of esti- 
mable budget share equations by simple 
partial differentiation. René Roy showed 
that the budget shares can be equated to the 
partial derivatives of V via the following 
identity: 


AP 


Thus functional forms for the indirect speci- 
fication of consumer preferences are of 
greater interest than functional forms for 
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the direct specification. In the remainder of 
this paper we limit our discussion to func- 
tional forms for indirect utility functions. 
Empirical implementation of Roy’s Iden- 
tity (1) requires that a functional form for V 
be chosen. Flexible functional forms are 
attractive because they do not place any 
prior restrictions on consumer behavior at a 


‘base point. A precise statement of this flexi- 


bility property follows: For any particular 
data point (one observation on prices and 
income) any set of price and income elastic- 
ities can be achieved through an appropriate 
set of parameter values. A nonflexible form 
is only capable of achieving a subset of the 
full range of price and income elasticities. 
A flexible form can achieve arbitrary 
price and income elasticities at any particu- 
lar data point. However, once a set of 
parameter values is chosen, either a priori or 
by statistical estimation, the pattern of price 
and income elasticities is determined for all 
possible data points. It is possible that the 
pattern of elasticities is plausible only for a 
limited range of data points, that is, that 
outside of a limited range of data the esti- 
mated indirect utility function is not mono- 
tonic and strictly quasi convex. In fact the 
range may not even include points in the 
sample under consideration. Particular flex- 
ible forms may differ in the range over 
which they provide a satisfactory repre- 
sentation of preferences. The extent of this 
capability may depend: on the nature of 
preferences being modelled. For example, a 
form may perform well in cases where pref- 
erences exhibit high substitution possibili- 
ties, yet perform poorly in cases where .pref- 


' erences exhibit low substitution possibilities. 


We are interested in determining the 
range over which the translog (TL) and 
generalized Leontief (GL) indirect utility 
functions provide a satisfactory representa- 
tion of consumer behavior. The TL form 
can be written 


(2) nV= 2 a,In(P,/Y) 


+3 > By P,/ Y)in(P,/Y) 
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where B,,=8,,. The GL form can be written 


(3) V=/2>8(R,/¥)'7 


HI Enen eyn | 


where Y; = Yi Application of Roy’s Identity 
to (2) results in the following budget share 
equations: 


(4) w= fa Z yP; r)}/ 
{> a; + 2 2 By in(P;/ r)| 


Similarly, for (3) the budget share equations 
can be written 


(6) w= {a(2,/ yy? 
+ BP BY)" }/ 


| > 5 (P / Y)” 


+DVyl(e/y'(B/¥)'7} 


The neoclassical monotonicity require- 
ment is that the OV / OP, be strictly . less 
than zero. From (1) it is clear that this is 
equivalent to requiring that the w, be 


strictly greater than zero. Thus for any set . 


of parameter values (4) and (5) can be 


evaluated at particular data points to de- 


termine whether monotonicity holds. 

The quasi-convexity requirement on V is 
equivalent to the requirement that the 
matrix of Allen-Uzawa elasticities of sub- 


stitution be negative semidefinite. Following 


Diewert (1974) we write the formula for the 
elasticities of substitution as 


a2V aV 


av av 
(6) a rae > ap, 


aP, OP, 
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3V OV 
-2 aP aP, */ aP, > ar a OPaP, ./ 
- OV a°V 
ap, t + & PaP, PPn Ei 


‘The matrix of elasticities of substinition is 


singular. Therefore, negative semidefinite- 
ness places alternating sign restrictions on 
the first n—1 principal minors of the n- 
dimensional matrix. 


Il. Two-Commodity Homothetic Preferences 


The specification of homothetic prefer- 
ences is equivalent to requiring that budget 
shares be independent of income level, that 
is, that substitution possibilities be the same 
for all income levels. For’ the TL indirect 
utility function this implies that 2a,=—k 
and 2,8, =0 where k is an arbitrary positive - 
constant. We adopt the normalization that 
k=1, which allows us to write: 


(7) V= In Y+ aln(P,/P,)+ È In?(P,/ P3) 


(8) w= —a—Bin(P,/P,) 
w=(1+a)+ Bln(P,/ Pr) 


Monotonicity requires that w, and w, be 
positive. From (8) we see that w, and w, 
sum identically to unity. Therefore the 
monotonicity requirement can be stated as 
O0<w,< 1. For the two-commodity case V is 
strictly quasi convex if and only if the elas- 
ticity of substitution (o) between the two 
goods is nonnegative. For the TL form, o 
can be written 


(9) a=(B/(w,(1—»,))) +1 


The range of relative prices over which 
the regularity conditions are satisfied de- 
pends on the particular values of a and £.* 


4We use “regularity conditions” as shorthand for 
monotonicity and strict quasi convexity of the indirect 
utility function. We use “regular region” as shorthand 


for “region in which the regularity conditions are satis- 


fied.” 
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FIGURE 1. Two-ComMopiry HOMOTHETIC 
TRANSLOG SHARE AND ELASTICITY OF 
SUBSTITUTION FUNCTIONS 


The three cases of interest are B=0, B >0, 
and 8 <0. Figure 1 shows the behavior of w, 
and o for these three cases. 

For B=0, the regularity conditions are 


satisfied for all positive prices provided that . 


— I <a <0. For B >0 and <0, the size of 
the regular region depends on the size of £. 
For £ >0,1+4£ provides a lower bound for 
o; for B<0,1+4£ provides an upper bound 
for o. If B< —.25, o is negative for all price 
-Tatios—the regular region is the null set. 
For the GL indirect utility function, ho- 
motheticity implies that 6,=0 for all i. The 
two-commodity homothetic GL indirect 
utility function and budget shares can be 
written 


(10) V= (Y/P,) 
x{ y (P/P) +2y (P/P) + ya) i 
(11) wi =(Yu(Pi/ P) + Yal Pi/ P) D 


w=(Yn + Y12(P;/P2)'/”)/D 


In{P /P,) 


4 
P'e 
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FIGURE 2. Two-ComMopIiry HOMOTHETIC . 
GENERALIZED LEONTIEF SHARE AND ELASTICITY OF 
SUBSTITUTION FUNCTIONS 


where D = y (P/P) + 2y2(Pi/P2)'? + 
Y22. The budget share equations are homo- 
geneous of degree zero in yj), Y;., and Y» 
Thus, without loss of generality, we can 
adopt the normalization y,,+2y,.+ y= 1. 
For the two commodity homothetic GL 
model, the elasticity of substitution can be 
written 


(12) O= Y49(P,/ P)? / Cw (1 ~w,)D) 


Since D is the ratio of income to indirect 
utility times P,, it must be positive. Hence ø, 
w, and w, can all be nonnegative only if y, 
is nonnegative. There is no restriction, how- 


ever, on the signs of. y,, and Yz 


For the case yı; = Yn, the GL model re- 
duces to the single parameter yp, which 
must be nonnegative. The first two panels of 
Figure 2 depict the behavior of w, and o for 


.six different values of y, The regular re- 


gion contains all positive price ratios except 
when y,,>.5. For the case in which y,, and 
Y» are not equal but still have the same 


K 
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sign, the basic shapes of the share and elas- 
ticity functions are similar to those in the 
first two panels of Figure 2. The third panel 
of Figure 2 depicts the case in which y,, and 
Y2. have opposite signs. . 


I. Indifference Curves for Two-Commodity 
Flexible Functional Forms 


For the two-commodity case, violations 
of the regularity conditions can be readily 
interpreted in terms of the indifference 
curves implied by the indirect utility func- 
tion. The monotonicity conditions, which 
are satisfied as long as both shares are posi- 
tive, imply that both commodities are con- 
sumed in positive quantities. A violation of 
the monotonicity conditions implies that the 
indifference curve has crossed one of the 
axes. A violation of the quasi-convexity con- 
dition implies that the indifference curve is 
not everywhere convex to the origin. 

An illuminating comparison of indiffer- 
ence curves from diverse functional forms 
can be obtained by specifying the pa- 
rameters of the forms so that the indif- 
ference curves are tangent at a specified 
price ratio. We provide graphs of indif- 
ference curves for cases of high and low 
substitution possibilities. In the upper panel 
of Figure 3 we present TL and GL indif- 
ference curves for the case in which o=.1 
and the shares are equal to .5 at P,/P,=1. 
For comparison we also present an indif- 
ference curve which has a constant elasticity 
of substitution (CES) of .1 everywhere. 
Both the GL and CES indifference curves 
satisfy the regularity conditions globally; 
however, the GL curve has less curvature 
than: the CES curve at price ratios other 
than unity. In contrast the TL indifference 
curve satisfies the regularity conditions only 
for a restricted region. The indifference 
curve exhibits a o which declines to zero as 
the price ratios depart from unity. When 
- o =0 the indifference curve doubles back on 
itself. The TL indifference curve becomes 
‘mnonconvex at the price ratios for which the 


o function crosses the horizontal axis in the 


lower panel of Figure 1. . 
The lower panel of Figure 3 illustrates the 
relation between TL, GL, and CES indif- 
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FIGURE 3. INDIFFERENCE CURVES FOR . 
Two-CoMMOoDITY HOMOTHETIC PREFERENCES 


ference curves when preferences exhibit rel- 
atively high substitutability. In this case we 
have specified o=2 at P,/P,=1. Both the 
GL and TL curves cross the axes, violating 
the monotonicity conditions at the price 
ratios for which the share functions become 


Oor 1 in Figures 1 and 2. 


IV. Multi-Commodity Homothetic Preferences 


For the case of two commodities there is 
only a single price ratio to consider. The 
regular region for Flexible functional forms 
can be described by segments of the real 
line. For the case of n commodities we must 
consider n—1 price ratios. The regular re- 
gion can be described by regions in n— 1 
space. The monotonicity conditions require 
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that the n shares be positive. Each W, is a 
function of n— 1 price ratios, and the region 
in which any w; is positive can be shown in 
n—1 space. The intersection of n such 
regions is the region in which the monoton- 
icity conditions are met. The quasi-convexity 
condition requires that the matrix of elastic- 
ities of substitution be negative semidefinite. 
This condition places restrictions on the n — 
1 principal minors of the matrix. Each of 
the principal minors is a function of the 
n— 1 price ratios; thus the region over which 
the condition on any principal minor is met 
can be described in n—1 space. The inter- 
section of these n—1 regions defines the 
region in which the quasi-convexity condi- 
tions are satisfied. Finally, the regular re- 
gion is given by the intersection of the two 
regions defined by the monotonicity and 
quasi-convexity conditions. 

For the n-commodity homothetic TL 1n- 
direct utility function, the share equations 
can be written 


(13) w=-a,— Ð Byln(P,/P,) 
J#k 


The n conditions w,>0, i=1,...,n, which 
are linear in the log price ratios, define the 
region in the n— 1 space of log price ratios 
for which the monotonicity conditions are 
satisfied. An example of such a region is 
shown in Figure 4 for the three-commodity 
case. The region bounded by the three 
straight lines shows the /og price ratios for 


which the monotonicity conditions are met. _ 


The elasticities of substitution for the n- 
commodity homothetic TL are 


(14) 0, =(— By — w+ w7)/w; 
63, = —( B;/w;w;)+1 al | 


For the three-commodity case, the quasi- 
convexity conditions can be written as o}; < 
0 and 0,05, >07. The region in which o,,< 
0 is bounded by parallel straight lines in 
In(P,/P;) and In(P,/P,) space. The region 
in which o,,0,,>07, is bounded by a cubic 
function. An example of such a region is 
shown in Figure 4, along with the region 
meeting the monotonicity conditions. The 
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FIGURE 4. THREE-COMMODITY HOMOTHETIC 
TRANSLOG REGULAR REGION 


triangular region in which the monotonicity 
conditions are satisfied is contained within 
the cubic region, which in turn is contained 
in the region bounded by the parallel lines. 
Thus for this example, the intersection of 
the regions is simply the full region in which 
the monotonicity conditions are satisfied. 

For the n-commodity homothetic GL, the 
share equations are 


(13) w= { E vP) (8/2)? D 


where D = EE y;(P;/ P,)'/*(P,/ P)”. 
Positive w; are assured if £ ,y,(P,/P,)'/* >0 
for all i. Thus the borders of the region in 
which the monotonicity conditions are met 
are determined by n equations, each of 
which is linear in the square roots of the 
n—1 price ratios. An example of such a 
region is shown in Figure 5 for the three- 
commodity case. The region bounded by the 
three straight lines w, =0, w.=0, and w,=0 
is the region in which the monotonicity con- 
ditions are met. 

The elasticities of substitution for the n- 
commodity GL model are 


(16) 
oy=— 3 | DaylP,/ Pa) E/P} (Dw) 


J#i 
oj =4{ vy(P;/ P)" (P,/ P)? /(Dw,w)) 


i$j 
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FIGURE 5. THree-Commopiry HOMOTHETIC _ 
GENERALIZED LEONTIEF REGULAR REGION 


An example of the region in which the re- 
strictions on the matrix of o, are met is 
shown for the three-commodity case in Fig- 
ure 5. The borders of the region in. which 
quasi convexity holds are the straight lines 
labelled 0,,<0 and o,,0,,>07,. For the ex- 
ample in Figure 5, the quasi-convex region 
includes all positive prices. As with the TL 
example, the region in which monotonicity 
holds also represents the intersection of the 
three regions. | 


Comparison of the regular regions in Fig-. 


ures 4 and 5 is difficult because of the 
different metrics used. In the first panel of 
' Figure 6 we superimpose the TL regular 


region of Figure 4 on the GL regular region . 


of Figure 5. For this case we find that the 
GL model can accommodate a wide range 
of price ratios so long as the two ratios are 
similar. For the TL neither price ratio can 
exceed 400, but for price ratios less than 
400, the TL permits much greater dissimilar- 
ity in. the two price ratios than the GL. The 
other five panels of Figure 6 compare TL 
and-GL regular regions for alternative speci- 
fications of substitutability at the 1:1 price 
ratio. © 
'~ V.. Nonhomothetic Preferences 

If preferences are nonhomothetic, both 

budget shares and substitution elasticities 


are dependent on the level of income as 
indicated by (4), (5), and (6). The regular 


_ JUNE 1980 


region also becomes.a function of the level 
of income. We illustrate this behavior for 
the two-commodity case. 

From equation (4) we can write the two- 
commodity nonhomothetic TL share equa- 
tion for w, as . 


(17) w,=[a,+ 8 n(P,/P3) 
—( Bu + By)in(¥/P,)]/ 
[ -1+( By, + 8n) P/ P) 
— (By +2B 2+ Byg)in(Y/ Pp) | 


The corresponding elasticity of substitution 
can be written 


(18) 
o=1—((w, Ww, By, —-28,2+ wy w, Bx)/D) 


where D is the denominator of (17). Simi- 
larly, from (5) we can write the two-com- 
modity nonhomothetic GL share equation 
for w, as 


(19) w= {8(P,/ Pa) (¥/P2)'? 
+Yu(Pi/P2)+ Y2(P,/P.)'7} 
x (1/D)(P2/ Y) 
where D= 8,(P,/P.)'(P,/ y)? 
+ (y11(Pi/ Pa) +2Y (P/P) + Y22) 


X (P,/Y)+8,(P,/¥Y)'”” 


The corresponding elasticity of substitution 
can be written 


= YP i/ P ») AP 2/ Y) 


20 
(20) Dw Ww, 


18 (P,/ P) (P,/ Y)'? 
S ernserersvensninennentntiercimmnnemstnttn 
Dw, 


+ 58,(P,/ yyy Dw, 
—18,(P,/P,)'(P,/ ¥)'?/D 
—18,(P,/Y)'?/D l 
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TRANSLOG AND GENERALIZED LEONTIEF REGULAR REGIONS 


To illustrate the regular region we must 
specify values for w,, a, the income elasticity 
of commodity 1 (7,y), and the change in niy 
with respect to income (0n,,/9 Y)” In Fig- 
ures 7 and 8 we present comparisons of the 
regular- regions for the TL and GL with 
homothetic and nonhomothetic preferences. 
The boundaries of the regular regions corre- 
spond to w, =0 and w,=0. 


imply values for wz, py; and Omy/OY, given Wo Ty 
and 3n,y/9Y. 


4 
4 


Figure 7 fions; for the TL, that: the; im- 
pact of income on the width of the regular 
region is slight when income elasticities are 
near unity. 6 Also, the nonhomothetic. regu- 
lar region is narrower except for very. low 
levels of income. Figure 8 shows that the 
way in which the GZ regular region varies 
with income is markedly different from the 
TL. The width of the GL regular region is 


SAs In (Y/P,) changes from 0.0 to 5.0, Y/P,¥ varies 
from 1 to 148; yet the width of the regular region 
shrinks by ony 17 percent. 
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positively related to income and is narrower 
than the homothetic region only for low 
levels of income. 

To directly compare the TL and GL regu- 
lar regions we convert the TZ plot in Figure 
7 to the square root metric and superimpose 
it on the GL region from Figure 8. The 
result is the first panel of Figure 9, which 
shows that the TZ regular region is wider 
than the GL region, except for very large 
levels of income. The remaining five panels 
of Figure 9 present regions for other exam- 
ples of nonhomothetic consumer prefer- 
ences. 


VI. Concluding Remarks 


Given an appropriate choice of parame- 
ters, both the GL and the TL indirect utility 
functions can represent an arbitrary set of 
consumer preferences at any specified val- 
ues for prices and income. However, given 
the parameters (either theoretically or by 
statistical estimation), consumer preferences 


are established not only for the base point. 


but also for all possible values for prices and 
income. At particular points these prefer- 
ences may not satisfy the restrictions of 
monotonicity and quasi convexity. The re- 
gions over which these regularity conditions 
are satisfied (regular regions) are different 
for the GL and TL forms. Knowledge of 
these regions can provide the basis for 
choosing between the GL and TL forms for 
a particular empirical application. There are 
two bases for choice: 1) the degree of varia- 


tion in the price and income variables in the 


sample being considered, and 2) a priori 
expectations as to the magnitude of the 
Allen-Uzawa elasticities of substitution 
(AUES). 

The GL and TL forms are not required 
for the analysis of two commodities with 
homothetic preferences. In this case they 
both contain two free parameters, as does 


the CES utility function (direct or indirect). © 


The CES form has the advantage of satisfy- 
ing the neoclassical restrictions globally for 
any nonnegative value of the AUES. The 
GL and TL are acceptable globally only for 
a subset of possible parameter values. None- 
theless, we have found it useful to display 
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the global properties of the GL and TL 
forms in the two-commodity homothetic 
case to aid understanding of more general 
cases. 

For more than two commodities the CES 
function is not flexible. In fact, it is impos- 
sible for any function to attain an arbitrary 
set of constant AUES (see Uzawa, 1962). 
Hence, although the GL and TL forms can 
attain an arbitrary set of AUES at the base 
point, it is foreordained that the AVES will 
vary as prices and income vary. This varia- 
tion may lead. to inadmissible values for 
particular data points. Thus, for more than 
two commodities the desirable flexibility 
property comes at the sacrifice of global 
satisfaction of the regularity conditions on 
consumer behavior. However, for certain 
parameter values the sacrifice is small be- 
cause the GL and TL forms have very large 
regular regions. Furthermore, the sacrifice 
can be minimized by choosing the flexible 
form which is likely to have the larger regu- 
lar region for the particular application at 
hand. 

For two commodities and preferences 
which are either homothetic or nearly so, 
the GL has a larger regular region than the 
TL when the AVES at the base point is 
small. On the other hand, the TL is clearly 
preferable for high base point AUES. For 
substantial departures from homotheticity 
neither the 7Z nor GL dominate each other 
for high or low AVES. 

The number of comparisons escalates 
rapidly as the number of commodities (n) 
increases. There are n(n —1)/2 AUES which 
are relevant. Thus comparisons in the 
three-commodity case require specification 
of three AVES, and comparisons in the 
four-commodity case require specification 
of six AUES—all in addition to specifica- 
tion of the income elasticities and their rates 
of change. We have presented a few exam- 
ples for three commodities. For equal elas- 
ticities the two-commodity strengths and 
weaknesses of the GL and TL continue to 
hold. However, in cases with a mixture of 
high and low elasticities, the GL performs 
better than the TL, at least in the examples 
we have presented. The methods and gen- 
eral formulas which we have presented will 
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‘allow researchers to investigate the proper- 
ties of the TL and GL for. any specified set 
of data with any desired combination of 


elasticities of: substitution andr income elás-- 


ticities. 
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International Impact of U.S. Money Supply: 
The Case of Mexico 


By MIKE FARRELL* 


The monetary model of the balance of 
payments (BOP) implies that the long-run 
movements of price levels and interest rates 


will converge for. countries which engage in. 


trade in commodities and financial assets. 
Even if this implication is accepted, how- 
ever, the question of interest to monetary 
authorities is whether deliberate policy can 
cause the path of domestic prices to diverge 
from the foreign path in the short run and, 
if so, how much time is required to bring 
about the long-run adjustment. Two papers 
recently published in this Review have con- 
tributed to discussion of this question.! 
While these models employ similar and even 
identical concepts, they have a fundamen- 
tally different perspective in that Mario 
Blejer’s focus is on domestic money, in- 
come, and price variables while Lance Gir- 
ton and Don Roper (hereafter, G-R) take an 
international or relativist view which em- 
phasizes the role of foreign monetary policy 
on the BOP. The purpose of this paper is to 
present an empirical investigation of the 
usefulness of these two approaches in an 
examination of the BOP of Mexico, in order 
to evaluate the efficacy of G-R’s contention 
that, “as far as foreign exchange market 
pressure is concerned, a country’s monetary 
policy can be judged tight or easy only by 
reference to what is happening in the rest of 
the world” (p. 541). 

Blejer’s main objective was to relax the 
small country assumption employed in pre- 
vious investigations of the monetary ap- 
proach to the BOP (thus allowing the short- 
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ISee the papers by Mario Blejer, and by Lance 
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run divergence of prices alluded to above) 
by developing an ingenious framework for 


testing the hypothesis that the presence of 


nontraded goods affects the speed with 
which an open economy adjusts to mone- 
tary disturbances. His model explains the 
domestic rate of inflation and the rate of 
change of foreign assets held by the mone- 
tary authority, these assets being “de- 
flated” by the total of base money outstand- 
ing. The latter variable is identical to G-R’s 
exchange market pressure variable under a 
regime of fixed rates. However, under flex- 
ible rates or a mixed regime, the G-R pres- 
sure variable is a composite of the rate of 
change of (deflated) foreign assets of the 
central bank minus/plus the rate of depre- 
ciation/appreciation of the currency, the 
two being treated as equivalent expressions 
of the effect of domestic monetary policy on 
the demand for foreign assets. Blejer does 
not address the issue of exchange rate 
movements although his model implies that 
their effect on the BOP is manifest in their 
impact on the domestic price of tradeable 
goods. As he is forced to use the foreign 
inflation rate as a proxy for home prices of 
traded goods, he must employ a dummy 
variable to allow for the effect of devalua- 
tion. The significant positive coefficients of 
the dummy variables in his price and for- 
eign reserves equations pick up the inflation 
and reserve inflows which followed Mexi- 
co’s 1954 devaluation. One can only specu- 
late as to whether, if available, a measure of 
domestic tradeables prices would perform as 
well statistically. My own preference lies 
with the G-R approach which makes depre- 
ciation-appreciation of the exchange a vari- 
able to be explained by the model.” 


*In practice the question of how to specify the 
exchange rate variable is of some importance since 
discrete changes of parity are often large relative to the 
annual rate of change of foreign assets. The results 
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Girton and Roper employ a measure of 
the excess flow supply of U.S. base money 
as an explanatory variable in their study of 
the Canadian BOP. As they demonstrate, 
the model can be used to estimate the de- 
gree to which the monetary authorities are 
able to influence domestic prices and inter- 
est rates, precisely the subject to which 
Blejer’s investigation of the role of non- 
traded goods is addressed. The G-R 
framework is more general than Blejer’s, 
since integration of both the capital and 
goods markets can lead to a BOP offset of 
monetary policy, but it is not concerned 
formally with the question of the speed of 
adjustment. While the major theoretical dif- 
ference among the authors lies in their 
choice of explanatory variables, their em- 
pirical results display one striking dif- 
ference. Blejer’s estimates of the BOP con- 
tain a large and highly significant constant 
term which is quite inconsistent with the 
long-run neutrality of money exhibited by 
his model. Girton and Roper on the other 
hand found the constant term to be small 
and very insignificant in their test of 
Canadian-U.S. data. As I attempt to dem- 
onstrate, it is this difference in the perfor- 
mance of the two models which suggests 
that the G-R framework is preferable. 


I. Empirical Test of Girton and Roper 


Since the Mexican economy is closely re- 
lated to that of the United States, the G-R 
model is an appealing one to apply to an 
analysis of the Mexican BOP. In order to 
facilitate comparison of the two models it 
was necessary to modify slightly the original 
notation. The model is therefore briefly re- 
iterated below.’ 


reported here reflect the exchange rate measured as the 
annual average of daily exchange quotations, thus de- 
valuations are weighted by the number of days of the 
year for which the new rate was in effect. An alterna- 
tive measure which reflects devaluations entirely in the. 
year of their occurrence actually gives a better fit. In 
general all the coefficients are increased in absolute 
value but none of them are affected significantly when 
this alternative is employed. 

3As in G-R, uppercase letters represent absolute 
values, primes denote time rates of change, and low- 
ercase letters show percentage rates of change of the 
uppercase variable. 
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Assume a money demand function of the 
form 


(1) A,;=R,+ C,= PL, = P, Y’ exp(— e;p;) 


where H,=supply of base money issued by 

the central bank of country i 

R;=base money created against the 
purchase of foreign assets 

C;= base money created by domestic 
credit expansion 

P,= price level 

L;=real money demand function 

Y,=real income 

p;=index of interest rates 

b,=income elasticity >0 

€,=interest rate coefficient >0 


Girton and Roper show that the mone- 
tary equilibrium condition in a two-country 
world can be written as 


(2) 
—-nte,=—c, +o +by,— by, + 0; eð; 
where r,=percentage rate of change of 

R; (valued in domestic cur- 
rency measured against H, of 
the preceding period) 

e;=percentage rate of apprecia- 
tion of the currency of the ith 
country measured in terms of 
the currency of the jth 
country 

cç; = percentage rate of change of 
C; measured against H, of the 
preceding period 

y;= percentage rate of change of 
the ith country’s real income 

nm; = percentage rate of inflation of 
ith country 

6, =m; — m, + e, = differential rates 
of inflation adjusted for ex- 
change rate changes 

6,,= p;—p;=change in the interest 
differential (assuming £; =¢,) 


When one of the countries is large in 
terms of the size of its market for central 
bank liabilities, as in the case where we take 
country į to be Mexico and j to represent 
the United States, G-R rewrite equation (2) 


FYOL. 70 NO. 3 FARRELL: INTERNATIONAL IMPACT 435 


TABLE | 
Coefficients of 

Monetary 

Aggregate Cut hy Ym Yu R? R? D.W S.E. 

1.1 M, ~ 95 1.53 1.86 — 1.81 16 13 1.91 6.03 
(.15) (.50) (.58) (1.16) 

1.2 M: — 82 1.36 2.04 —2.78 72 .68 1.92 6.56 
(15) (.53) (.63) (1.20) , 

1.3 M; — 82 1.47 1.65 —2.41 68 64 1.76 7.08 
(.17) (.58) (.71) (1.36) 


Note: The values in parentheses below the coefficients indicate the standard errors of the corresponding estimates. 
R? and R? indicate, respectively, the coefficient of determination and the coefficient of determination adjusted for 
degrees of freedom. D.W. is the Durbin-Watson coefficient, and S.E. is the standard error of the regression. The 
income variables are three-year geometric lags determined as explained in the-Data Appendix. All coefficients are 
significant at the 5 percent level or better with the exception of the coefficient of y, in the M, equation which is 
significant at the 6.75 percent level. The regressions were constrained to pass through the origin because there is no 
theoretical justification for a trend term in the monetary flow equilibrium condition of equation (2). 


as (substituting m for i and u for j) 


(3) 
Vin F Om = — Cm + hy + By Vin — Vue t In — Ein 


where h, represents the percentage rate of 
change of U.S. base money. Finally, since 
monetary independence implies that the 
monetary authority is able to force the 
movement of the small country’s price level 
and interest rates to diverge from those of 
the large country, G-R exclude the differen- 
tials of prices and interest rates from the 
estimating equation, arguing that the impact 
of the small country’s monetary policy on 
these differentials can be inferred from the 
difference between the estimated coefficient 
of ¢,, and — 1. The equation to be estimated 
is 


(4) 1, +e, — Cpt hit bp Ym bayu to 


where v is a random error term.* Applying 


“The absence of a price variable is striking since (4) 


relates nominal money to the real demand for money. | 


This could easily be rationalized in terms of purchasing 
power parity (PPP) since (4) assumes monetary 
equilibrium in both countries, i.e., (M;/P;)= Lp and 
therefore (M,,/M,) = (P,,/?..(L,/4£,), so that 
(P,, / Po = (Mpa M, XL, fL: Employing logarithmic 
differentiation, Tp — T,= Mp — Mm, +t h~ ip, and thus, if 
Tm = Tys Mp = My 1, Fi. "G-R explicitly state that 
PPP is not assumed. ‘Their argument is that empirically 
O = 7, NRN ten) may be excluded from (4) because 


(4) to the data for Mexico in the period 
1946-75 led to the estimates reported in 
Table 1. 

The coefficients in Table ] display a close 
resemblance to those obtained by G-R for 
Canada. One difference can be attributed to 
a variation in my procedure which was 
necessitated by the data and should be ex- 
plained to forestall misunderstanding. The 
G-R approach of adjusting the monetary 
base to take account of policy-related 
changes in the money multiplier has been 
followed but, due to the complexity of the 
system of reserve requirements employed in 
Mexico, it was not feasible to track these 

_ Changes directly. The alternative used is an 
indirect one in which it is assumed that the 
money multiplier can be represented in sim- 
plified form as the ratio of cash plus re- 
serves to the total of cash plus bank 
monetary liabilities. In symbols: 


M=N+Q=a(RM)=a(N+R) 


where M=total money assets denom- 
inated in pesos 
N=notes and coin held by the non- 
bank public 





any divergence from PPP will be captured by the 
policy variables c,, and h, while anything else which 
affects @,, (real variables, commercial policy,?) will not 
be correlated with y,, and y, and therefore will not bias 
the results. 
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Q=monetary liabilities of the pri- 
vate financial institutions 
a=money multiplier 
RM = reserve money 
R=reserve deposits of the pri- 
vate financial institutions at the 
Bank of Mexico, and 


_N+Q_ N/Q+1 
= N+R N/Q+R/Q 





a 


In this framework, the policy-induced 
changes in the money multiplier (as opposed 


to those changes derived from changing ~ 


preferences of the nonbank public for 
currency vis-a-vis bank liabilities) can be 
inferred from changes in the ratio of R to Q. 
The reserve adjustment magnitude (RAM) 
method of Albert Burger and Robert 
Rasche was employed to obtain an adjusted 
figure for reserve deposits which holds the 
ratio of R to Q constant at the level ob- 
served for 1946. Consequently the definition 
cf M affects the measure of base money 
(H) through its impact on the RAM. For 
example, with a narrow (M,) definition 
of money where Q includes only peso- 
denominated demand and sight deposits of 
the private financial institutions, the initial 
(1946) ratio of R to Q is .56. A somewhat 
broader definition (M,) which includes time 
and savings deposits in Q has an initial ratio 
of .41 while’ the broadest definition (M,) 
which adds the fixed-income security group 
of liabilities to Q has a 1946 ratio of N to Q 
of .37. It would of course be preferable to 
break these financial instruments down into 
money: and quasi money on the basis of 
degrees: of liquidity. Unfortunately, the 
fixed-income security grouping includes a 
range of instruments from financial bonds 
‘redeemable on demand to certificates of 
bank deposit which are nonnegotiable and 
of terms up to twenty-four months. Further- 
more, in the absence of detailed reserve 
requirements related to each of the private 
financial institutions’ liabilities, geographic 
location, etc., it is not possible to allocate 
reserve deposits among the various financial 
instruments. Thus, under a narrow defini- 
tion: of money, R+ RAM would exceed bank 
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liabilities to the public in the years 1974 and 
1975. Fortunately, as the purpose of this 
study is to examine the ability of -the 
monetary authority to influence the demand 


for domestic base money relative to foreign 


reserves, use of the broadest concept of 
money theoretically offers the most realistic 
appraisal of the constraints imposed on 
monetary policy through the BOP—a rare 
case where a pricri reasoning and practical 
constraints coincide.’ 

The estimates employing a RAM based 
on the M, and M, concepts of money are 
included in Table 1 for comparison. Not 
surprisingly, the offset coefficient of c,, de- 
clines with a narrower definition of money 
while the standard error of the regressions is 
increased. The major difference between 
Table 1 and G-R is the decline of the in- 
come coefficients and their relative weak- 
ness (in terms of significance) which is re- 
flected in the lower R?. 

Since these results are not nearly as pre- 
cise as those reported by G-R, and since we 
are especially interested in the model’s im- 
plications for the independence of Mexico’s 
central bank, it is useful to examine the 
coefficients obtained from an analysis of the 
full model of equation (3). This estimation is 
hampered by the absence of a time-series on 
interest rates in Mexico which covers the 
full period of the study. As a proxy for 
changes in the cost of holding money, 
changes in anticipated rates of inflation in 
Mexico and the United States were em- 
ployed. These series were derived from 
estimates of expected inflation based on 
three-year lagged values of rates of change 
of the Mexican and U.S. implicit deflators 


>For purposes of calculating the RAM, reserve 
money (RM) was considered to be the sum of nonbank 
cash and bank reserve deposits. The concept of base 
money H employed in the study proper is slightly 
different from RM, including, in addition to public 
cash and adjusted bank reserves (V+ R+ RAM), the 
sum of private bank holdings of currency and coin 
(vault cash), and nonbank public and government non- 
monetary financial intermediaries’ deposits at the « 
central bank. The latter deposits have remained rela- 
tively small throughout the period under study but are 
included as they do represent a portion of the domestic 
credit extended by the Bank of Mexico. 
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TABLE 2 
hae Coefficients of 
' Used Con h, Ym Yu 6, 5, RPR R* DW. SE. p 

2.1a M, — 96 1.52 1.35 —1.19 13 —.86 .81 76 1.85 4.92 ~ 
(19) (50 (.50) (99) (23) (.61) 

2.1b M, — .72 1.13 1.43 —2.11 65 — 34 BOn 2.02 5.30 - 
(16) (49) (5 (1.00) (24 (.60) 

2.1¢ M; — .79 1.30 84 — 1.30 79 — 35 81 = £76 1.90 4.99 ~ 
(15) (45) (53) (1.00) (.23) (.55) 

2.2 M, — 1.07 1.66 II — 80 — 1.00 19.75 1.73 4.98 = 
C17) (49 (349 (.22) (61) 

2.3 M, — .70 _ 1.81 —1.25 92 .28 NOn 1.88 5.33 42 
(.17) (.59) (1.23)  (.25) (.55) (.19) 

2.4 M, — 95 1.55 1.60 — 1.33 42 ~ 80 8 .77 1.89 5.56 ~ 
(14 (46) (55) (1.21) (.19) 

2.5 M, — 1.04 1.43 1.09 — 46 ~ 19.16 1.78 5.62 -= 
(12) (4) (36 (.19) 

2.6 M, — 1.04 1.99 - 1.12 54 ~ B 69 1.57 6.44 ~ 
(.16) (47 (.82) (.21) 

2.7 M — 66 _ 2.01 — 1.76 62 ~ 72 68 1.44 5.65 18 
(15) (54) 020 (20 (.20) 


Note: p is the estimated value of the first-order autoregression coefficient. When the D. W. coefficient did not exceed 
the 1 percent upper bound for significance, the regressions were reestimated using the Cochrane-Orcutt technique to 
adjust for serial correlation. The D.W. coefficient as well as the other coefficients reflect this adjustment in those 


Cases. 


as explained in the Data Appendix. The 
results of these and related regressions are 
presented in Table 2. l 

Equations 2.la, b, and c show that an 
increase in 7,, relative to 7, has the predic- 
ted positive impact on the BOP and that a 
relative increase in the cost of holding 
Mexican financial assets is negatively re- 
lated to r,,. Girton and Roper suggest that 
excluding the variables 8„ and 6,, from the 
regression leaves these influences to be cap- 
tured by the monetary policy variables c,, 
and h,. Thus in comparison with Table 1 the 
coefficients of c„ and h, in equations 2.1 
were expected to be larger in absolute value. 
(See G-R, equation (8), p. 542.) However, 
these results tend to show the opposite 
effect for the (in my opinion less reliable) 
M,- and M,-based estimates and no effect 
on the M, equation (2.1a). It may be that 6,, 
and §, reflect past changes in c,, and h, in 
the estimating equation, a possibility not 
discussed by G-R. On the other hand, they 
may reflect changes in real variables which 
are also carried by the real income estimates 


Ym and y, as suggested by the reduced size 
and significance of the income elasticities of 
the 2.1 equations. Restricting attention to 
the M, estimates, 2.2 shows that excluding 
the insignificant U.S. real income variable 
results in increased coefficients of the re- 
maining variables (with the exception of y) 
and the 6,, approaches significance but with 
a surprisingly large coefficient. Since G-R 
suggested that 9, and 6,, could replace h, 
estimate 2.3 shows the result of eliminating 
h, Mexico’s monetary policy appears more 
effective in this version as shown by. the 
decline in the coefficient of c,,. This may be 
the result of 8„ and 6, not reflecting U.S. 
monetary policy as well as h, does, which 
would at least be consistent with the possi- 
bility that these variables reflect lagged 
policy actions. 

The instability of the coefficients of 2.1, 
2.2, and 2.3 indicates the possibility of mul- 
ticolinearity. In order to test for the serious- 
ness of this problem, each of the explana- 
tory variables was run as the regressand in a 
regression on all of the remaining right- 
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hand variables. An F-test of the null hy- 
pothesis of no relationship between the re- 
gressand and the regressors was rejected at 
the 99 percent level in four of the six cases. 
Only y,, and y, showed no significant rela- 
tionship with the other five variables. The 
R*s of the four significant regressions 
ranged from .40 to .63, the latter when 6, 
was the regressand.® Multicolinearity is 
clearly most serious with respect to the 
proxy measure of §,,. When it is excluded 
from the set of explanatory variables (as in 
regression 2.4) and the test is repeated, none 
of the test regressions passes the F-test of 
significance at 95 percent and the R Rs range 
from .06 to .19. The major remaining source 
of multicolinearity is that between y,, and 
Yu. When one of the income variables is the 
regressand, the other income coefficient has 
a t-value of nearly five. The effect of this 
interrelationship of the income variables 
may account for the fluctuation observed in 
the coefficients in Table 2 when (abandon- 
ing the proxy for ôm) Yu Ym» and h, are 
successively excluded from the regression 
equation (regressions 2.5, 2.6, and 2.7, re- 
spectively). Aside from the change of sign of 
the (still insignificant) b, coefficient when y,, 
is excluded, the most noticeable result is 
that the coefficient of c,, falls significantly 
below one only when h, is excluded. Inclu- 
sion of the U.S. monetary policy variable 
removes the appearance of an independent 
capability for Mexico’s central bank, thus 
substantiating G-R’s relativist view of the 
BOP. 


H. A Reexamination of the Blejer Model 


Blejer’s model can, with a slight altera- 
tion, be stated as follows. His analytical 


The regressions with @, and 6,, as regressands are 


6,= 29¢,,— 45h, + 46y,,~ 1.10y,, + 1.736, 
(.18) (48) (48) (95) (46) 


= — .20c,,+.44h,—.02y,, +.30y, +.246,, 
(05) (15) (18) (35) (06) 


Three of the four coefficients of c,, and h, are signifi- 
cant and all have the signs predicted by the G-R 
model. (See G-R, equation (7), p. 542.) 
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framework consists of two definitions, 


(5)  g=Ex ante excess supply of base 
money expressed as a percentage 
rate of change relative to H 


= Cy, ~ Ty, Ma 


where c,, and 7, have previously been de- 
fined and Mi represents the flow demand 
for real base money,’ and 


—B)Pyr 


where Py and Py, stand for traded and 
nontraded goods prices while £ is the share 
of traded goods in total expenditure. The 
rate of change in the relative price of traded 
and nontraded goods is expressed as a func- 
tion of g as 


(7) Tyr ~ Wr =A( Dg) 


which in combination with the base money 
flow equilibrium condition 


(6) P,= BPr+(l 


(8) Cm T Ëa ™ Fm T My 


completes the model. 

Blejer shows that the variables 7„ and r,, 
can be expressed as functions of tradeable 
goods inflation, the rate of change of the 
excess flow supply of base money, and the 
prior period inflation rate v,_; (the sub- 
script m is dropped in the following). 


(9) m= TAP 
A(i — E A(1— B) 
PN ry (Pl TOET Sp 


7Blejer’s concept of ex ante excess flow supply of 
money is DC/H + a* —(P* + m,*) where a* is the per- 
centage rate of change of the money multiplier and D 
is the first difference operator. In this study, policy- 
related changes in the money multiplier are converted 
to changes in the domestic component of the monetary 
base, thus c,, is substituted for DC/ H +a*. The vari- 
able m, is the rate of flow demand for real money, 
estimated by Blejer for several variants of the money 
supply. Since it hardly seems possible to isolate a 
domestic component of the stock of money which has 
its own separate demand function, I have interpreted 
m; here in the G-R manner as the demand for real base 
money. 
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1 . _ 
(10) n= Tena py dt Ma c), 
A(1— B) 
1+A(— —- ma)’ 
A(1— 8) 
Pire S 


Equations (9) and (10) show that the effect 
of monetary disequilibrium on the economy 
can be felt on the BOP or on domestic 
prices, or a combination thereof, depending 
on the structure of the economy as reflected 
in the values of A and £. 

For estimation purposes 7,_, is elim- 
inated from (9) and (10) by successive sub- 
- stitution. The reformulated expressions, 
writing L as the lag operator, are 


(9) 


m= : 5 a 'L'(ay),+ O 


1+A(1— 8) Zo 


x ( È ati $ att'*"\(e- ma) 


(10) 
=A 2A Eee Mae), 
_ AU-8£) 
where a= T+A0— 8) 


Thus it is possible to estimate the current | 


rate of inflation and the rate of “deflated” 
foreign reserves as functions of lagged poly- 
nomials of 7, and c~—m,. Equations (9) 
and (10’) make it appear that the structural 
coefficients of the polynomials take dif- 
ferent forms in the two estimating equa- 
tions. However, further manipulation of (9’) 
allows the nasal to be written as 


(9") m= x a'L (m7), 


EE 
i 90 
e A a) iy i+ mar 
* TFA B) 2 a (mae), 


The trick is to expand several terms of the last - 


expression in (9) and note that 1— a =1/(1 +A(1 — B). 


1+A(1— B) 
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When (9”) is compared to (10) it is clear 
that the structural coefficients of the lagged 
variables are identical in the two equations. 
Apparently misled by the dissimilarity of his 
expressions (9^) and (10’), Blejer used the 
criterion of maximum R? to select different 
structural variables for the estimators of 7, 
and r,. This may explain why he was able to 
obtain reasonably good R? for his explana- 
tions of these variables. 

This slip could not be expected to cause 
the estimate of equation (10’) to be non- 
homogeneous in contradiction of the under- 
lying structural model. It can be seen from 
Table 3 of Blejer’s paper that the best esti- 
mate of (10’) in terms of R? is 


(11) r,,=2.38+.51(1,—X,,) +-47Do 


where D,=dummy variable for the 1954 
devaluation 
m= U.S. inflation used as a proxy 
for mr 
X,,= ex ante excess flow supply of 
base money = c,, ~ Mg 


The perspective of the G-R model holds 
that it is a change in X,, relative to the 
excess supply of U.S. base money (X,,=4#, 
—m,) which affects Mexico’s foreign re- 
serves. Thus one suspects that (11) suffers 
from specification error due to the omission 
of X,. If true the residuals of (11) would 
have a nonzero expectation which would be 
absorbed in the constant term? Further- 
more the omission of X, could lead to auto- 
correlation and could even bias the coef- 
ficient of 7,—X,, if X, were correlated 
with that variable. As a test of these possi- 
bilities, the results of regression 1.1 were 
used to define new compound variables re- 
presenting ex ante excess flow supply of 


money i 
(12) X a = Cm — 1.86y,, 
(13) X, =h, —1.81y, 


'If the true relation is y = 8X + BX; + u; E(u) = 
0 and the estimating equation is y= BX; + V; then 
E(V,) = BX #0. Since the estimating procedure 
forces the sum of the residuals to zero, the omitted 
variable is absorbed into the constant term (see the 
explanation by G. S. Maddala, p. 258). 


- Table 3 displays the results of estimating 
equation (11), i.e., — 


Im” Cot Cit, Xm) + CX u 


' using the compound variables of (12) and 
(13) and two alternative measures of U.S. 
inflation, 7/, the implicit deflator, and 7”, 
the Wholesale Price Index (WPI). 

The coefficient estimates of Table 3 only 
partially confirm the hypothesis of misspeci- 
fication. When X, is omitted, we see that 
Ty — Xm is highly significant but the constant 
term is not. The Durbin-Watson coefficient, 
however, indicates the presence of autocor- 
relation in the residuals which is confirmed 
by use of the Cochrane-Orcutt technique to 
produce significant estimates of the first- 
order autocorrelation coefficient. Including 
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TABLE 3 
. Coefficients of 
Constant a) —Xm m — X Xu R? D.W. p S.E. 
3.1 +74 97 = = 67 1.18 =- 6.75 
(1.34) (.14) 
3.2 —1.18 1.05 - = 64 1.91 18 6.13 
. (2.20) (.13) (.07) 
3.3 04 95 — 98 75 1.62 ~ 5.97 
| (1.21) (.12) (.35) 
3.4 —~.43 - 93 - 65 1.44 ~ 6.90 
(1.37) (.13) 
3.5 —.74 = 1.00 56 1.80 32. 6.66 
(1.94) (15) (19) 
3.6 14 - 88 77 .70 1.62 _ 6.53 
(1.33) (.13) (.39) 
TABLE 4 
Coefficients of 
Constant ont av X, X,, R? D.W. p S.E. 
41 — 1.95 1.32 - —.97 — 68 1.21 -~ 6.84 
i l (2.39) (.58) (14) . 
4.2 — 2.06 1.29 -= — 1.05 ~ 64 1.87 43 6.25 
(3.28) (.62) (.13) (.18) 
4.3 2.06 36 - —.94 1.20 76 1.78 - 6.25 
- (2.53) (.61) (.12) (.42) 
4.4 57 - 64 — 97 . ~ 67 1.30 - 6.86 
(1.62) ~ (28) (.14) | 
4.5 1.14 - Si — 1.07 — 61 1.93 A4 6.41 
(2.54) (.33) (.14) (.18) | 
4.6 2.5 ~ 27 — 95 1.17 76 1.79 — 5.91 
(1.54) (:28) (.12) (.39) 


X, in the estimating equation improves the 
R* and results in no autocorrelation. It 
seems reasonable to infer that omitting X, 
does not bias the coefficient of z,— X, but 
does lead to serial correlation of the residu- 
als. Contrary to speculation, the constant 
term is not greatly affected by omitting X, 
suggesting that the true relation is more 
complex than that of footnote 9. 

A second possible source of specification 
error in equation (11) is the use of the 
combined variable 7,—X,,. Table 4 shows 
that 7, is significant when separated from 
X,, When it is measured by the implicit 
deflator but not with the WPI. Including X, 
in the estimation removes the significance of 
m, Suggesting that the U.S. inflation rate 
acts as a proxy for X,. The large absolute 
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TABLE 5 
Coefficients of 
Constant av b Xm x R? D.W. S.E. 
5.1 55 .24 - ~~ 98 89 76 1.83 5.92 
(1.40) (.28) (.12) (.30) 
5,2 78 — 07 43 — 93 86 80 - 1.91 5.53 
(1.31) (.30) (.21) (.12) (.28) 
5.3 1.09 ~ — ~ 96 1.01 .76 1.90 5.88 
(1.22) (.12) (.26) 
5.4 - - = ~ 95 1.08 .75 1.88 5.85 
(12) (.25) i 


size of the X, coefficient may relate to the 
definition of X, which ignores the regression 
coefficient of 1.5 for h, in equation 1.1 and 
may therefore introduce further specifica- 
tion error. These points are examined in 
Table 5 where a new version of X,, 


(14) 


is substituted for X, and the price differen- 
tial variable @,, is added to the estimating 
equation. 

We see from Table 5, equation 5.1, that 
the use of X* results in a reduction of the 
constant term and a nonsignificant decline 
in its own coefficient in comparison with 
equation 4.6 of Table 4. Equation 5.2 shows 
that @, is significant, improving the fit of 
the equation, and further reducing the coef- 
ficient of 7)”. Equations 5.3 and 5.4 show 
that X,, and X* together can explain ap- 
proximately three-quarters of the variation 
in r,, with coefficients quite close to their 
theoretical values of —1 and 1, respectively, 
and that it is not necessary to include a 
constant in the regression to obtain this 
result. | 


X* = 1.5h, —1.8y, 


Wi. Conclusion 


The relativist view of the BOP which em- 
phasizes comparison of domestic money 
supply growth to world money supply 
growth is substantiated in the case of 
Mexico whose trade balance has long been 
heavily influenced by the economic condi- 
tions of the United States. However, G-R’s 
contention that the abbreviated version of 


their model (equation (4)) provides a test of 
monetary independence does not hold up 
well when the full model is examined, since 
the price differential variable displays an 
additional independent role in the de- 
termination of the BOP. The degree to 
which inferences of monetary independence 
can be made from the estimated coefficient 
of the rate of change of domestic credit of 
the central bank appears to depend largely 
on the validity of the assumptions made in 
specifying the equilibrium conditions of the 
money market(s). This is a difficult econo- 
metric problem which warrants further 
work. 

The Blejer model, which I have termed a 
domestic monetary model of the BOP, does 
not seem to have been appropriately tested, 
either in his own paper or mine. The major 
difficulty is the lack of data reflecting trade- 
able goods prices for Mexico. The use of 
U.S. prices as a proxy is unsatisfactory, 
since their usefulness may reflect U.S. 
monetary policy rather than the impact of 
goods arbitrage on Mexican prices and thus 
the demand for base money. For the data 
employed in this study, this variable is of 
limited value, although the result that the 
U.S. implicit deflator is better statistically 
than the U.S. WPI suggests that the direct 
arbitrage of goods is not an important fac- 
tor in the international transmission of infla- - 
tion for Mexico, and is indirect evidence 
that the relativist approach is preferable. An 
additional econometric result of this study is 
that the convenience of employing com- 
pound variables must be carefully weighed 
against the danger of specification error 
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which can accompany the implicit restric- 
tion on the coefficients of the variables 
lumped together in this way. 

As usual it is apparent that more work 
and better data are required to gain more 
information on how monetary pressure is 
exerted on the BOP, yet there is a clear 
implication that Mexico’s policymakers can 
be advised to keep an eye on the course of 
the U.S. money supply rather than U.S. 
prices when attempting to assess the impact 
of their own money supply on the BOP. 


DATA APPENDIX 


Mexican international reserves were ob- 
tained by adjusting the gross international 
reserves figures from the Bank of Mexico as 
published in Bank of Mexico, Fifty Years of 
Central Banking. This series on the stock of 
reserves as of December 31 of each year was 
adjusted for SDR allocations and gold and 
foreign exchange revaluation profits, and by 
netting out the end-of-year dollar liabilities 
of the Bank of Mexico as reported in the 
Bank’s Annual Report. The r,, was calcu- 
lated by first differencing the resulting net 
reserve stock series in dollars and convert- 
ing the differences to pesos with that year’s 
exchange rate, then dividing by the lagged 
value of base money. 

Mexican monetary base was obtained as 
the sum of end-of-year figures for cash and 
coin held by the public, deposits by the 
public and governmental financial institu- 
tions at the Bank of Mexico, vault cash and 
reserve deposits of the private banking in- 
stitutions, each obtained from the Bank of 
Mexico’s Annual Report, plus the RAM. 

Reserve adjustment magnitude is equal to 
(79—1,) Deposits,, where 

r,= Private Bank Reserves,/Private Bank 

Deposits, and Private Bank Deposits, 
were defined alternatively as 

M,:Deposits = Demand Deposits 

M,:Deposits= Demand Deposits + Time 

Deposits 
M,:Deposits= Demand Deposits + Time 
Deposits + Fixed Interest Securities 
The base year (t=0) is 1946. 

Domestic credit of central bank of Mexico 

was calculated by subtracting Mexican in- 
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ternational reserves from Mexican monetary 
base. 

U.S. monetary base is the average of non- 
seasonally adjusted monthly monetary base 
for December and January of the following 
year as given in Burger and Rasche, Appen- 
dix I. 

Exchange rate is the inverse of the annual 
average of the daily quotation for the dollar 
by the Bank of Mexico as given in Fifty 
Years of Central Banking. 

Mexican real gross domestic product is the 
annual figure from Bank of Mexico, 1976. 

U.S. real gross national preduct is the an- 
nual figure from U.S. Department of Com- 
merce. 

U.S. and Mexican price levels were mea- 
sured by the implicit deflator of the real in- 
come series described above. 

Expected income and expected inflation 
were estimated employing the method devel- 
oped by Constantine Glezakos, pp. 6-8. It 
was assumed that expectations of future in- 
come and inflation are revised each period 
based on the most recent error, using the 
following form of partial adjustment model, 
(Al) xfs x, + Bx — x-1) 
where the-superscript e represents the ex- 
pected value and x represents y or 7. The 
reduced form of (Al), restricted to three 
years, is the truncated distributed lag 


(A2) xf=(1 — B)x,_,+ BU—B)x,_, 
+ B*1—B)x,_; 


The adjustment coefficients B were selected 
by minimizing the quadratic error term 


(A3) Q= B(x — x1) 

This was done by searching the parameter 
space for B from —.9 to .9 in intervals of .1, 
and then repeating the search at intervals of 
01 in the space +.1 around the B value 
which minimized Q. The advantage of this 
procedure is that it provides a computation- 
ally simple, objective criteria for selecting 
the adjustment coefficients which does not 
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rely on the R? of the model one is attempt- 
ing to test to determine their values. The 
values of B employed were the following: 
Ym» 493 Vy, 62; T 34; and T .37. 
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The Optimal Order for Submitting Manuscripts 


By SHARON OSTER* 


There have been a number of articles 
written in the last few years describing the 
attributes of various economics journals, in- 
cluding their quality, acceptance practices, 
and so on.! Presumably one could use these 
data both to determine which journals to 
buy and read, and to which journals to 
submit one’s papers. This paper is con- 
cerned with the latter issue; in particular, I 
derive the optimal strategy for submitting 
manuscripts to economics Journals. _ 

The problem is one which we all face 
periodically: to which of the many available 
journals should a paper be sent? For highly 
specialized papers, the answer is sometimes 
obvious. In many cases, however, any one 
of several journals may be appropriate. This 
is the case dealt with in this paper. 

The first problem in doing this analysis 
was to decide what the individual might be 
trying to accomplish by his or her journal 
choice. In general cases of this sort, one 
might suppose that individuals made deci- 
sions in order to maximize some kind of 
pecuniary return. This did not seem a fruit- 
ful way to model the individual’s choice of 
journal. If we were really interested solely in 
maximizing pecuniary returns, we probably 
wouldn’t write papers at all. In this paper, 
two alternative objective functions were 
used to represent more or less extreme, but 
plausible, cases: journal choice based on 
maximizing the stream of “prestige” points 
from an article versus journal choice based 
on maximizing the discounted stream of 
readers of the article. Clearly, both prestige 


*Department of economics, Yale University. I 
would like to thank the editorial offices of the eight 
journals for their help in gathering data. Laura Scher 
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‘Several of the most prominent articles of this genre 
include, Albert Danielsen and Charles Delorme; 
Robert Hawkins, Lawrence Ritter, and Ingo Walter 
(hereafter, H-R-W); Michael Lovell; Richard Quandt; 
Howard Tuckman and Jack Leahy; and John Weber. 
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and readership affect one’s income; never- 
theless these objective functions seemed to 
be somewhat more general than the strict 
rate-of-return case. 

The choice process has the following 
characteristics. For each journal i, there is 
some probability, P,, that the paper will be 
accepted. If it is accepted, the article earns 
its author a discounted stream of benefits 
over his or her lifetime. If the article is 
rejected by the first journal, it can then be 
submitted to a second journal, or a third. If 
there were no costs to a rejection, one would 
always adopt the strategy of first submission 
to the “best” journal. As it is, there is a cost 
to being rejected (other than the obvious 
psychic one): the rejection process takes 
time and while one is waiting the article 
obsolesces, tenure slots fill up with other 
people, and so on. In short, one trades off 
waiting against the quality of journal that 
finally accepts the article. 

The formal optimization problem can be 
set up as follows. For each ordering of the n 
journals, there is a potential stream of be- 
nefits. For the ordering 1, 2, 3, 4,...,, for 
example, the benefits may be represented 
as: 


T 
(1) B=P, f gye "dt 
Wy 


T 
+(1—P,)P, f n ge~ "dt,..., 
wit w2 


n—i T 
+P TI (1-P)], “rdt 
n Ht ( Je wen 


im} 


B= expected benefits from sub- 
mitting to journals in the 
order 1,2,3...n, 

P,...P,=probability of acceptance 
in journal 1...n 

8,---8,=gain from acceptance in 
journal 1...n 


where 
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W,...W,=waiting time before deci- 
sion by journal 1... 
r= discount rate 
There are n! of these expected benefit 
streams. The problem for the individual is to 
choose among the n! orders for the optimal 
order. - 

Several simplifications have been made in 
(1). I have assumed benefits end at some 
time T in the future. In the actual computa- 
tion of (1) I assume T is retirement age, and 
so ignore the gain from posthumous glory. 
This assumption turns out to have very little 
empirical significance since, given the dis- 
counting, by the time retirement age comes 
for a current assistant professor most of the 
benefits have already been realized. A more 
Significant assumption in this problem is 
that the Ps are independent of each other: 
getting rejected from the American Eco- 
nomic Review (AER) does not of itself di- 
minish one’s probability of acceptance in 
the Journal of Political Economy (JPE). The 
effect of time lost in the rejection process 
has been incorporated in the discount rate 
rather than through the probabilities.” 

Eight journals were considered in this 
study and are listed in Table 1. The sample 
was limited to American journals. Other 
than that, the selection of journals was 
somewhat arbitrary, although I think there 
would be reasonable agreement on the list 
of journals chosen. 


2Incorporating interdependence of probabilities in 
this problem complicates it enormously. Moreover the 
real connection among the probabilities is difficult to 
say. Suppose we order the journals 1, 2, 3...n in terms 
of “quality.” Does a rejection from journal 1 lower our 
expected probability to acceptance in journal 2 more or 
less than a rejection from journal n? One can argue the 
case both ways. Suppose referee quality also varies by 
journal, better journals having more accurate referees. 
In this case one might see the rejection from journal 1 
as “truer” than the rejection from journal n; P, would 
be reduced more by a rejection from journal 1 than 7. 
Alternatively one might argue that referee accuracy is 
constant or randomly distributed across journals, but 
that standards vary—-journal ] having higher standards 
than journal n. In this case, P, would be reduced more 
by a rejection from n than from journal 1. Given this 
ambiguity in the nature of the interdependence, and in 
order to make the problem tractable, I assumed inde- 
pendence. 
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Table 1 summarizes the data used to 
calculate (1). The data come from several 
sources. The two alternative measures of 
gain come from H-R-W. In this survey, 160 
economists were asked to rank a compre- 
hensive list of journals on a point score of 0 
to 20. Any journals with which respondents 
were not familiar were to be omitted. This 
survey generated two quality indices, which 
are reported in Table 1: g is the number of 
“prestige points” found in the H-R-W 
survey; f is their familiarity index. The 
familiarity index is my measure of the size 
of readership of the journal. While the two 
indices are similar, differences do exist: a 
comparison of JER and SEJ is striking in 
this respect. Estimates of the waiting time 
between the submission of a manuscript and 
the accept/reject decision as well as the 
probabilities of acceptance were obtained 
from a telephone survey of the editorial 
offices of the eight journals. 

Given data on r, T, P, g, and w, (i= 
1...8), it is easy to compute B in (1) for 
any given order. Finding the optimal order 
(i.e., the order that maximizes B), however, 
is another matter. Some journals are 
never the optimal first choice. In par- 
ticular, if we look back to Table 1, the 
QJE is dominated for all r and T by the 
AER, Econometrica, and the JPE; the QJE 
has lower prestige, longer waiting times, and 
lower acceptance probabilities than any of 
these three journals. Similarly, the EJ is 
dominated by the SEJ. These dominance 
patterns were used to eliminate some of the 
journal permutations in calculating B. Other 
than that, it turned out to be easiest to 
simply calculate and compare all the re- 
maining orders to find the optimal one.‘ 

Given the journal characteristics listed in 
Table 1, the optimal strategy for submission 


3An alternative measure of readership would be the 
circulation of the journal. I think the familiarity index 
is preferable given multiple readership of library 
journals, 

4A simple Fortran program was written to perform 
these calculations. Computing the optimal order for 
each of the cases presented in Table 2 required about 
five minutes on the IBM 370-158 at Yale. I am in- 
debted to Ray Fair for help with these calculations. 
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TABLE 1—-CHARACTERISTICS OF JOURNALS 
Mean 
Waiting 
Time: 
Prestige | Familiarity Fraction Acceptance 
Index Index ofa Year Probability 
Journal O @) - G) (4) 
American Economic Review _ ; 
(AER) " gig f,= 100 w, =.33 P,=.14 
Econometrica = 16.8 h= 93 We = 42 P,= 22 
Economic Inquiry (EI) g= 10.4 fy 72 w= .19 P,=.13 
International Economic 
Review IER) | . g= 13.7 ia= 68 W429 P,=.25 
Southern Economic Journal . 
(SEI), g;= 12.1 Js= 88 We = 13 `” P.=.19 
Journal of Political 
Economy (JPE) g= 16.6 Jfe= 96 We = .25 P.=.12 
Quarterly Journal of : 
Economics (QJE) 87 == 16.5 h= 93 Wyo 5 P=. 11 
Review of Economics and 
Statistics (REStat) g= 16 f= 86 We =.25 P,=.17 
Source: Columns (1) and (2), Hawkins, Ritter and Walter; columns (3) and (4), 
editorial offices of various journals. 
TABLE 2—-THE OPTIMAL ORDER OF JOURNAL SUBMISSION 
Years to Discount Value of — 
Retirement Rate Optimal Benefits of 
: (T) (r) Benefit Index Order“ Optima (B) 
Professor Seeking a 
Prestige . 21 .0822 Prestige: g . 1,2,8,6, 
4,5,7,3 108.751 
Assistant Professor i 
Seeking Prestige 32 .0822 Prestige: g 1,2,8,6, 
4,7,5,3 124.308 
Professor Seeking ; i ' 
Readers 21 .0822 Readership: f 5; 1,6,2, 
8,7,3,4 622.066 
. Assistant Professor 
Seeking Readers 32 0822 Readership: f 5, 1,6, 2, 
8,7,3,4 709.947 
Impatient Assistant ` ! ' , l 
Professor Seeking 32 .1800 Prestige: g 8, 1,2,6, é 
Prestige >, 4,5,7,3: 54.967 
Patient Assistant 
Professor Seeking 32 .0600 Readership: f - 1,5,6,2, 
Readers : 8,7,3,4 909.881 
Prestige-Seeking 
‘ Professor Nearing 8 0822 Prestige: g 8, 1,2, 6, 
Retirement 4,5,7,3 58.939 


a1, AER; 2, Econometrica; 3, El; 4, IER; 5, SEJ; 6, JPE; 1, QJE; 8, REStat. 
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will depend upon the values chosen for r, 
the discount rate, and 7, years until retire- 
ment. I have experimented with a variety of 
possibilities. In Table 2, the first four cases 
represent the “typical” tenured (cases 1, 3) 
vs. untenured professor (cases 2, 4) maxi- 
mizing alternatively prestige and readership. 
Cases 5—7 show something of the sensitivity 
of journal choice to changes in both ex- 
pected retirement age and the discount rate. 

The base-case retirement ages used were 
32 years for an assistant professor and 21 
years for a full professor, based on data in 
Tuckman and Leahy’s article. The ap- 
propriate discount rate is less clear. The 
discount rate can be thought of as having 
two parts: a depreciation component repre- 
senting the rate at which the knowledge 
embodied in the article obsolesces, and an 
impatience rate reflecting the anxieties of 
the author. Lovell has estimated a deprecia- 
tion rate of 8.22 percent for economic 
articles; this was used as the base case for 
both the full and assistant professor exam- 
ples. 

Holding the discount rate and benefit 
type constant, the optimal strategy for a 
typical assistant professor and a typical full 
professor is similar. The AER, the highest 
prestige journal, is the optimal first choice 
for both groups; its relatively low accep- 
tance rate and mediocre review time is not 
sufficient to offset its advantage in prestige 
points. Perhaps more surprisingly, the SEJ 
is the optimal first choice for those seeking 


to maximize readership. In this case, the 


SEJ’s excellent review time and moderate 
acceptance rates push it over the top despite 
its middle-of-the-pack familiarity rating. As 
in the standard labor models, the younger 
economist gains more from his or her invest- 
ment than the full professor, since the 
former has a longer life time over which the 
benefits may be realized. 

The four base cases use a discount rate 
equal to the rate of obsolescence of knowl- 
edge. The typical assistant professor might 
be expected to be somewhat more impatient 
than this given the structure of the academic 
market. In cases 5 and 6, I have experi- 
mented with various discount rates to try to 
dislodge the AER and the SEJ from their 
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front-runner positions. Both journals were 
strongly placed. It took a discount rate of 
.18 to turn the lead over to REStat in the 
prestige case; only a rate below Lovell’s 
obsolescence rate dislodged the SEJ. Simi- 
larly, in case 7 I experimented with reducing 
T until the AER lost its lead in the reader- . 
ship case. As one might expect, either in- 
creasing the discount rate or radically 
shortening expected life time favors those 
journals, like REStat and SEJ, char- 
acterized by relatively high acceptance rates 
and quick reviews. It appears that, at least 
in the context of this problem, growing old 
is rather like becoming an assistant pro- 
fessor again. 

Is there any evidence that economists be- 
have as if they were maximizing equation 
(1)? Full experimental confirmation would 
require a detailed psychological and demo- 
graphic profile of all authors who submitted 
manuscripts to the various journals, along 
with the order of submission. I offer instead 
some casual evidence, more easily obtained. 
The results in Table 2 suggest that very 
young, impatient assistant professors should 
prefer submitting manuscripts to either 
REStat or SEJ over the AER. If the three 
journals have similar patterns of accep- 
tances across the different age groups, then 
we should observe a higher frequency of 
young economists in REStat and SEJ. I 
have calculated for 1977 the percent of 
articles in the three journals written by 
economists born after 1947 (30 was rather 
arbitrarily chosen as young).’ In fact, as 
predicted, the AER had the lowest share of 
articles from this group: 17.1 percent as 
opposed to 25.9 percent for the SEJ and 
38.1 percent for REStat. These patterns 
may, of course, be reinforced once this 
article makes apparent to some their inap- 
propriate submission practices. 

It is easy to generalize these results using 
other discount rates, measures of gain, and 
so on. In fact, the computational problem is 
easy enough so that the optimal order 
should always be calculated. Finally, as I 
am sure it will be asked, I have calculated 


5Only AER members were counted since the 1974 
Directory of Members was used to determine ages. 
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the optimal order for me, a slightly im- 
patient, prestige seeking assistant professor 
(r=.15;T=32). My optimal order is AER, 
REStat, Econometrica, JPE, IER, SEJ, 
QOJE, EI. ‘So given the journal you are now 
reading, you know how many times this 
paper was rejected. 
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Consumer’s Surplus in Commodity Space 


By ALAN RANDALL AND JOHN R. STOLL* 


In an article which is already widely 
quoted, Robert Willig demonstrated that 
observed Marshallian consumer’s surplus 
can be rigorously utilized to estimate the 
(theoretically correct) Hicksian compensat- 
ing and equivalent variations. Willig’s anal- 
ysis was confined to price space, and thus 
finds its application in the use of consumer’s 
surplus to evaluate the welfare impacts of 
price changes. 

There is another important area of em- 
pirical research in which consumer’s surplus 
finds application: the evaluation of the 
benefits and costs of proposed projects and 
programs.' In benefit-cost analysis, the eco- 
nomist is often concerned not so much 
with the welfare impacts of price changes as 
with the welfare impacts of changes in the 
bundle of goods, services, and amenities 
possessed, used, or consumed by individu- 
als. Proposed projects and programs may 
remove some goods from individual oppor- 
tunity sets, while introducing new goods; 
and may decrease the quantities of some 
goods while increasing the quantities of 
others. Typically, these changes in individu- 
ally held bundles of specific goods are not 
accompanied by directly related and com- 
mensurate changes in income (or the value 
of “all other goods”). 

The goods affected by proposed projects 
and programs may include divisible, exclu- 
sive goods whose competitive prices can be 
observed in well-functioning markets. They 
may also include recreational and environ- 
mental amenities, the existence of unique 
environments and endangered species, and 
increases or decreases in expected human 
mortality or morbidity, etc.: goods which 


*University of Kentucky and Texas A&M Univer- 
sity, respectively. This paper (no. 79-1-3) is published 
with the approval of the Director of the Kentucky 
Agricultural Experiment Station. We appreciate helpful 
comments from an anonymous reviewer. 

'See E. J. Mishan for example. 


may be in varying degrees indivisible, non- 
exclusive, and unpriced. 

The concern which motivated Willig’s 
article, in particular, that observable con- | 
sumer’s surplus data are usually not in the 
theoretically correct form, apply to an even 
greater extent to the estimation of the 
welfare impacts of changes in the bundle of 
goods. In the case of priced goods, only 


- Marshallian consumer’s surplus is directly 
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observable; for unpriced goods, value data 
may, depending on the estimation technique 
used, be in the form of Marshallian con- 
sumer’s surplus, the Hicksian compensating 
measure, the Hicksian equivalent measure, 
or the expenditure function. This paper 
identifies the conditions under which 
Willig’s conclusion that consumer’s surplus 
data may be rigorously used “without apol- 
ogy” is adaptable to situations in which it is 
bundles of goods, rather than prices, which 
are changed. 

Our findings, in broad outline, are as 
follows. (a) For goods which are perfectly 
divisible and exchanged at zero transactions: 
costs in infinitely large markets, the Hicks- 
ian compensating and equivalent variation . 
measures of consumer’s surplus are equal in 
absolute value and are equal to the price 
multiplied by the quantity change. (b) For 
goods which are indivisible or lumpy, the 
Hicksian compensating measure of welfare 
loss (gain) is larger (smaller) in absolute 
value than the Marshallian consumer’s sur- 
plus measure, which in turn is larger 
(smaller) than the MHicksian equivalent 
measure.” Given information on the price 
flexibility of income for the good in ques- 
tion, the individual’s income and the pro- 
portion of that income which is spent on the 
good, bounds on the difference between the 


*This finding is in contrast to that of Karl-Göran 
Maler (pp. 131-40) which has been cited without ques- 
tion by such authors as Charles Cicchetti, Anthony 
Fisher, and V. Kerry Smith. 
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compensating and equivalent measures can 
be rigorously calculated. (c) For divisible 
goods traded in costly markets (i.e., those 
where transactions costs are positive), the 
difference between the compensating and 
equivalent measures of welfare change will 
lie in the range identified in the first two 
cases. The result of case (a) is predicated 
upon costless postchange adjustments in 
holdings while that of case (b) is predicated 
on the impossibility of postchange adjust- 
ments.’ Positive transactions costs impede 
adjustments in holdings, whereas either pro- 
hibitive transactions costs or indivisibility is 
sufficient to preclude such adjustments. 

In pragmatic benefit-cost analysis terms, 
these findings may be interpreted as follows. 
When one is dealing with changes in any 
one individual’s holdings of a divisible good 
which is traded in reasonably competitive 
and reasonably low-cost markets, the error 
inherent in using price multiplied by 
the quantity change is most likely over- 
shadowed by inaccuracies in the estimation 
of, for example, the technical productivity 
coefficients which underlie the quantity 
change projections.* For changes in the 
quantities of indivisible or lumpy goods 
where the price flexibility of income falls in 
the typical range and the proportion of total 
budget spent on the good is small, the 


. The impossibility of postchange adjustments along 
a quantity continuum, which may be called indivisi- 
bility or lumpiness from the perspective of the indi- 
vidual, may arise from any of several sources: 1) the 
Samuelsonian public good and congestible public good 
situations in which the individual consumer cannot 
continuously adjust his holdings of the good indepen- 
dently of all other individuals; 2) indivisibility in pro- 
duction, such that the good may be produced in one or 
more discrete quantities and the concept of a paramet- 
ric unit price is meaningless (the argument of David 
Bradford is helpful); 3) nonexclusiveness, such that 
exchange in order to effect postchange adjustment is 
infeasible; 4) prohibitive transactions costs; and 5) 
institutional restrictions upon quantity per capita, for 
example, in the case of hunting where regulations such 
as bag limitations and hunting seasons prohibit quan- 
tity adjustments following changes in these kinds of 
regulations. 

“This claim is analogous to Willig’s claim (p. 589) 
that the errors from using Marshallian consumer’s 
surplus will often be overshadowed by errors in estima- 
tion of the demand curve, 


JUNE 1980 


bounds within which the Hicksian com- 
pensating and equivalent measures must fall 
can be rigorously calculated from estimates 
of Marshallian consumer’s surplus; and 
these bounds will be quite narrow. Thus, the 
theoretically correct measure can be ob- 
tained from the estimates of more readily 
available value indicators. 

However, the analyst is on occasion con- 
fronted with the task of evaluating lumpy 
changes in quantities of specific goods, 
services, or amenities, where one or more of 
the following holds: the change is large; the 
good is highly valued; and the price flexibil- 
ity of income for the good is high and rises 
with income. In such cases,’ our findings 
offer less comfort. The compensating mea- 
sure of welfare loss (gain) is likely to be 
much larger (smaller) in absolute value than 
the equivalent measure, since the latter 
(former) is strictly limited by individual 
budget constraints while the former (latter) 
is not. While the rigorous bounds derived 
below remain valid, the information needed 
to estimate the correct (i.e., compensating, if 
the welfare criterion is the potential Pareto 
improvement)® measure from other mea- 
sures more readily available to the analyst is 
less likely to be obtainable. Thus, in such 
cases, there may be no good substitute for 
methods capable of accurately estimating 
the compensating measure of welfare loss. 

In short, the cases that competent 
benefit-cost analysts consider relatively 
hazard free are, in fact, relatively hazard 
free. On the other hand, there are cases 
(discussed in the preceding paragraph) 
which, as some benefit-cost analysts have 
suspected, pose the threat of significant 
error from the use of Marshallian con- 
sumer’s surplus and, at the same time, pre- 
sent empirical difficulties to those who seek 
to estimate the correct measure of welfare 
change from other more readily available 


Proposed projects or programs which have the 
potential to significantly modify unique environments, 
endangered species, threatened cultures, or the life and 
health expectancies of human beings may, under cer- 
tain circumstances, provide examples. 

6See Mishan. 
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measures. Our contribution will be to dem- 
onstrate in a rigorous manner that the intui- 
. tions of many benefit-cost analysts are in 
fact valid, and to show that, in those cases 
which we have indicated are relatively 
simple, consumer’s surplus may be used 
“without” apology. 


I. A Diagrammatic Exposition 


Our conclusions are perhaps most readily 
grasped, at the intuitive level, from a di- 
agrammatic exposition. Let us consider a 
normal good x, which, depending on the 
program alternatives chosen, may be pro- 
vided in two different quantities, QO’ and 
Q”, where Q” is greater and ceteris paribus 
preferred. The traditional pragmatic mea- 
sures of value of these two bundles of goods 
are willingness to pay (WTP) and willing- 
ness to accept (WTA). In a market ex- 
change situation, these correspond, respec- 
tively, to the buyer’s best offer and the 
seller’s reservation price; in a nonmarket 
situation, they correspond to willingness-to- 
pay and willingness-to-accept compensa- 
tion. 

If the program alternative under evalua- 
tion would reduce the quantity of x from 
Q” to Q’, the compensating measure of 
welfare loss is WTA‘, the compensation 
which would keep the loser at his initial 
welfare level; and the equivalent measure is 
WTP®, the loser’s willingness to pay to 
avoid the quantity reduction from Q” to Q’ 
which, if paid, would place the loser at his 
subsequent welfare level. If the proposed 
program would increase the quantity of x 
from Q’ to Q”, the compensating measure 
of welfare gain is WITP° which, if paid, 
would keep the gainer at his initial welfare 
level; and the equivalent measure is WTA F, 
the compensation which would be needed to 
bring the potential gainer to his subsequent 
welfare level in the event that the proposed 
program is not implemented. At this point, 
let us emphasize that WTA is not always the 
compensating measure and WTP is not al- 
ways the equivalent measure. 

Assume x is a perfectly divisible good, 
traded in infinitely large markets at zero 
transactions costs at the unit price p. Con- 
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NUMERAIRE 





Q' Q 
QUANTITY OF X 


Ficurz l, THe WELFARE IMPACT OF A CHANGE 
IN THE QUANTITY OF A GOOD X FROM Q” to Q’ 


sider a proposed program which if imple- 
mented would reduce an affected indi- 
vidual’s holdings of x from Q” to Q’ while 
leaving his holdings of Y, a numeraire or a 
composite of “all other goods,” at Y. In 
Figure 1, the program would bump the indi- 
vidual from point E to B, lowering his 
welfare level from J” to J’. However, there 
is no good reason for the individual to re- 
main at B. Instead, frictionless markets will 
permit him to trade along his new budget 
line until he reaches D and achieves the 
welfare level J*. Given this frictionless 
adjustment, his WTP” is EF, which is equal 
to Y” Y’ while his WTA is BC, which is 
equal to Y’Y”. Thus, WTP* is equal to 
WTA and both are equal to p(Q” — Q^. 
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This conclusion can be grasped intuitively 
by considering that a good traded in in- 
finitely large markets at a constant unit 
price with zero transactions costs has all the 
important characteristics of money (i.e. 
currency). Thus, the well-known result, that 
WTA compensation and permit imposition 
of a lump sum tax is equal to WTP to avoid 
the same tax and both are equal to the tax 
itself, applies to this quite restrictive case. 

Now, assume that x is a lumpy good and 
can be held only in the amounts Q” and Q’. 
Observe immediately that in the case of 
indivisible or lumpy goods, since inter- 
mediate adjustments in commodity holdings 
are not permissible, the Hicksian com- 
pensating and equivalent measures in com- 
modity space are analogous to the Hicksian 
surpluses, not the variations, defined over 
price changes. 

In this case and returning to Figure 1, the 
price lines become meaningless. W7P* is 
EG which is equal to Y*Y, and WTA“ is 
BA, which is equal to YY”, and larger in 
absolute value than WTP*. Note that this 
finding contrasts vividly with that of Maler 
(pp. 131-140), but that Maler’s analysis is 
valid only if one assumes, trivially, that the 
individual is indifferent as to whether he 
holds the indivisible good or not, when its 
price is zero. 


II. Bounds on the Difference between 
Compensating and Equivalent Measures, 
Defined in Commodity Space 


Now, we derive rigorously the bounds 
on WTA—WTP for indivisible or lumpy 
goods, using a formulation which proves, as 
a special case, that for perfectly divisible 
goods traded in frictionless markets, WTA 
= WTP. For the convenience of readers and 
to permit an otherwise unattainable brevity, 
our analysis at this point follows Willig. The 
necessary departures from Willig’s treat- 
ment are explicitly highlighted and ex- 
plained, while some intermediate steps anal- 
ogous to those used by Willig are omitted. 

Postulating the existence of the utility 
function U [P(Q,Y)], implicit in prices p, 
and defined over the numeraire Y, and 
quantities O of the good x, we define the 


JUNE 1980 


following indirect utility function 


(1) z(Q, Y)= U[ P(Q. Y)] 


Consider an individual with Y units of the 
numeraire (i.e., the value of “all other goods 
and endowments”), who is confronted with 
a change in his bundle of the good x from 
Q” to Q’, where Q” represents a greater 
quantity than Q’. His WTP* to avoid a 
change from. Q” to Q’ is defined by 


(2) 2(Q',Y)=z(Q",Y-WTP) 


while his WTA‘ to accept a change from 
Q” to Q’ is defined by 


(3) 2(Q’,Y+WTA)=2(Q",Y) 


Using the income compensation function, 
u(Q|Q0", Y) which represents the least 
amount of income the individual would re- 
quire with quantity Q to achieve the same 
utility level enjoyed with quantity Q” and 
Y, the individual’s initial income is 


(4) w(0”|0",Y)=¥ 

The WTP and WTA measures defined in 
(2) and (3) can be expressed 
(5) WTP=»(Q'|Q’,Y)—u(Q”|0',Y) 
(6) WTA=1(0'10",¥ )—p(Q"\0",Y) 


Now the following partial differential 
equation may be derived (since, although we 
later define x as a lumpy good, preferences 
are continuous over Q): 


m SOIC") a PL o,n(Q10",7)) 


Equation (7) may be treated as a system of 
equations when x is a vector of goods. 

‘Considering only a change in the quantity 
of a single good and using the fundamental 
theorem of calculus, 


(3) wrp= f” P[O,u(2|0',7)]a0 
(9) wra={" P[Qn(2|0",¥)|do 
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These equations express WTP and WTA 
as areas under compensated demand curves. 
The price axis consists of a range of implicit 
prices which corresponds to the domain of 
quantities being considered. 

To arrive at bounds for the difference 
between the Marshallian measure of welfare 
change, and WTP and WTA, respectively, 
for a quantity change which permits no sub- 
sequent adjustments in the quantity of x, we 
assume constant price flexibility of income, 
¢, for x such that 


(P(Q, Y)/dY)(Y/P(Q, Y)) =f 
and follow a procedure similar to Willig’s to 


derive the income compensation function, 


which is 
(10) »(Q'|0",Y) 


a G-E) r2” = o 
= Y| | + = P(Q,Y )d 

: | =~ J P(2.¥)ao 

The expression f$; P(Q,Y)dQ can be 
interpreted as the area under an implicit 
Marshallian demand curve for the good x. 
Denoting this expression by M, it is appar- 
ent that when ¢~0 the welfare change 
measures will be equal to M. 

Again following procedures similar to 
those used by Willig, we obtain 





(11) M~WTP _ $M 
M 2¥ 
(12) WTA -M „$M 
M 27 
Thus, 
2 
(13) WTA- WTP= 2%. 
ľ 


Dropping the assumption of constant 
price flexibility of income (see Willig, who 
dropped the assumption of constant income 
elasticity of demand) the following ap- 
proximate bounds are appropriate when 
¢M/2Y is small (say, <.05), and are ob- 
tained for WTP and WTA for changes in 


RANDALL AND STOLL: CONSUMER'S SURPLUS 453 


the bundle of goods: 


L ee u 
MaM WTP . $"M 


(14) = 
2¥ M 2Y 


L S u 
eMo Hi MoM 


(15) = 
27y M 2Y 

where ¿4 and é” are the lower and upper 
bounds, respectively, on price flexibility of 
income for the good x. Rigorous bounds, 
applicable for all values of {M /2Y, are 


1/(i-e*) 
-c-e) “142 
M/Y 
_ M-WIP 
= M 
1/-€") 
i-a- ] a1 
d Yl- - ¥ 
M/Y 
1/(1-£+) | 
jia- %] e 
(17) a 
M/Y 
< WTA-M 
M 7 
1/(l-£*) 
jira- -1-4 
2 a Y 
M/Y 


The critical. differences between these 
bounds for quantity changes and Willig’s 
bounds for price changes are M and ¢ in 
our bounds, and A and 7 in Willig’s. The 
term A is Marshallian consumer’s surplus 
measured as the area under a demand curve 


‘between two alternative prices for x, while 


M is the area under a demand curve be- 
tween two quantities of x. Our ¢ is the price 


. flexibility of income for x, while Willig’s 7 is 


the income elasticity of demand for x. An 
additional difference is that Willig’s m is 
total income, while our Y is the amount of 
the numeraire held by the consumer. 
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Returning now to the case of a perfectly 
divisible good traded in frictionless markets, 
the expressions P[Q,u(Q|Q’, Y)]dQ (in 
equation (8) and P[Q,u(Q|Q”, ¥)ldQ (n 
equation (9)) can both be replaced with the 
market price p of the good x. Thus 


(18)  WTP= [° pdQ=WTA 
4 


and it is shown that WTP and WTA are 
equal in value and both equal to p(Q” — 
Q’). 

For completeness, it is appropriate to 
note that for goods which are exchangeable 
and divisible, the difference between WTA 
and WTP becomes nonzero when transac- 
tions costs become positive and grows as 
transactions costs increase. It will, however, 
reach an upper limit at the point where 
transactions costs are just sufficiently great 
to preclude postchange quantity adjust- 
ments and will at that point be identical to 
the difference observed in the case of lumpy 
goods.” 


If]. Empirical Estimates of the Bounds 


Willig presents empirical estimates of 
the parameters necessary to calculate the 
bounds on the difference between com- 
pensating, equivalent, and Marshallian con- 


sumer’s surplus measures of the welfare 


TIn order to demonstrate this diagrammatically, it is 
possible to modify Figure 1 by introducing transactions 
costs, in the manner of Jurg Neihans, via a kinked 
budget constraint which touches the zero transactions 
costs budget constraint at the point denoting the indi- 
vidual’s current holdings of x and moves progressively 
further away from it, always on the low side, as the 
quantity -adjustment becomes larger. In a working 
paper available upon request from the authors, this 
diagrammatic analysis is provided, along with a 
method for approximating, subject to some restrictive 
assumptions, the ‘bounds on the difference between 
WTA and WTP when transactions costs are positive 
but not sufficiently large to preclude any quantity 
adjustment. For example, if 4/Y=0.02, the income 
elasticity of demand for the good x is 0.9 and transac- 
tions costs amount to 10 percent of p, the difference 
between WTA and WTP will be less than 0.36 percent 


of p(Q” — Q’. 
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effects of price changes (his Table 1). That 
table can be adapted to permit calculation 
of these bounds for measures of the welfare 
effects of changes in_the bundle of goods. If 


_ one substitutes M/Y for Willig’s a in each 


column heading and ¢ for » in each row 
title, the first entry in each cell of Willig’s 
table becomes an estimate of (M/2Y and 
may be used -in empirical application of 
equations (11)—(13). 

‘Making these adaptations and comparing 
the first entry in each cell with the second 
and third entries, it becomes clear that the 
rule of thumb for approximating WTA, M, 
or WTP from empirical estimates of any 
one of them Q.e., equations (11)—(13)) gener- 
ates quite accurate results when M/Y is 
small, even in cases where ¢ is substantially 
greater than 1. However, as M / Y becomes 
large, the error from using the rule of thumb 
grows; it becomes very large when both 
M/Y and ý are large. In the case of a good 
which is indivisible and highly valued (i.e., 
M/Y is large) and for which the price flexi- 
bility of income rises with income, M pro- 
vides only poor estimates of WTA and 
WTP, and the rule of thumb (equations 
(11)-(13)) is unreliable. The rigorous 
bounds, however, remain valid. 

Some comment on ý, the price flexibility 
of income, is appropriate. For the case of 
changes in the quantity of a good for which 
postchange quantity adjustments are impos- 
sible, ¢ is the appropriate concept of income 
elasticity. The relevent concept is not 
n, Which addresses the question of how 
changes in income affect the quantity of the 
good purchased at some parametric unit 


. price, but ¢, which addresses the question of 


how changes in income affect the amount 
the consumer would spend to enjoy a given 
unit of the good.® For normal goods, ¢ >0. 
For an especially treasured good, ¢ may 


-= substantially exceed 1. 


®The relationship of price flexibility of income, {= 
(P(Q, Y)/3Y)(Y/P(Q,Y)), to income elasticity of 
total value, (OV /d¥Y)-(Y/V), is obvious when one con- 
siders that V= f $-P(Q, Y)dQ. 
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On the Effect of Rate of Return Regulation 
under Uncertainty 


By SATYA P. Das* 


Recently some attempts have been made 
to incorporate uncertainty in the theory of a 
regulated firm (see, for example, Stylianos 
Perrakis, and Yoram Peles and Jerome 
Stein). These authors argue that under un- 
certainty the Averch-Johnson (hereafter A-J) 
effect in general does not hold. They base 
their argument on a test of one of the im- 
plications for a traditional regulated firm 
(under certainty), which runs as follows: 


PROPOSITION 1: A firm under regula- 
tion employs a higher amount of capital than 
it would if it was not regulated. 


This proposition, though correct, can cer- 
tainly be challenged as the one on which the 
case for regulation should stand or fall. This 
is because Proposition | is merely a positive 
statement which does not have any norma- 
tive content. Rather the most crucial im- 
plication for a.regulated firm which does 
have an obvious but important normative 
content, is as follows: 


PROPOSITION 2: The capital-labor ratio 
chosen by a profit-maximizing regulated firm 
will be higher than that consistent with cost 
minimization for the output it selects. 


This is a very important proposition from 
the point of view of policy, for it implies 
that regulation leads to inefficiency in the 
factor market, while originally intended to 
alleviate imperfections in the product mar- 
ket. Harvey Averch and Leland Johnson 
themselves regarded Proposition 2 as one of 
their fundamental results when they wrote, 
“The firm does not equate marginal rates of 
factor substitution to the ratio of factor 
costs; therefore the firm operates ineffi- 
ciently in the sense that (social) cost is not 
minimized at the output it selects” (p. 1052). 


*University of Wisconsin-Milwaukee. 
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And it should be noted that Proposition 2 
does not necessarily follow from Proposition 
1. One can easily imagine that some of the 
implications for a regulated firm under cer- 
tainty will carry over to the presence of 


uncertainty and some will not, But it is 


always worthwhile and interesting to de- 
termine whether or not the most crucial 
implication for a regulated firm extends to 
the case of uncertainty. In this spirit, the 
objective of the present paper is to test 
Proposition 2 under uncertainty rather than 
Proposition 1 which has been examined by 
previous authors. The conclusion is affirma- 
tive, that is, Proposition 2 (the A-J thesis) 
does hold under uncertainty. This is proved 
in two different models of uncertainty: a 
quantity-setting model almost identical to 
the one used by Peles and Stein, and a 
price-quantity-setting model of Edwin Mills’ 
type. These are described in Sections I and 
II, respectively. , 
Moreover, compared to a risk-neutral 
firm considered by Peles and Stein, I have 
introduced a non-linear utility function for 
profit. Surprisingly, my conclusion does not 
depend on the nature of the utility function or, 
in other words, on the behavior towards risk 
such as risk aversion, risk neutrality, or risk 
preference. This illustrates how robust the 
A-J thesis is. 


I. A Quantity-Setting Firm 


In Peles and Stein’s paper, the scale of 
plant or the level of the capital stock K is 
the only ex ante variable, whereas the price 
of the product p, and the amount of labor 
employed L, are ex post variables. This is 
somewhat at variance with the existing liter- 
ature in which the decision on optimal 
amounts of K and~Z is taken simulta- 
neously.! In this paper such a simultaneous 


iSee, for example, Averch and Johnson, William 
Baumol and Alvin Klevorick, and Elizabeth Bailey. 
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decision is assumed in order to remain as 
close to the traditional model as possible. In 
other words, K and L are ex ante variables 
and (as in Peles and Stein’s paper) p is the 
ex post variable. _ 

Let q=A(p,u) be the demand function 
where g is the quantity demanded and u, the 
random term. Inverting this function we get 
p=p(q,u)=p(f{(K, L),u) where f is the pro- 
duction function. Then the total revenue R 
is a function of K, L, and u, Le, R= 


R(K, L,u). Without loss of generality, let us: 


assume that R, >0.7 Quasi rents Z are given 
by the total revenue minus the labor costs, 
ie, Z=R(K,L,u)—wL, where w is the 
given price of labor. Let s denote the fair 
rate of return on capital, and let us define 
u= ug such that Z='sK. Then it is clear that 
the quasi rents are given by R~wlL only 
when u<up. If u>up, they are determined 
by adjusting the price level. Then the firm’s 
profit is given by 


a, = R(K,L,u) —wL —rK fora <u < tp 


m =(s—r)K for uo <u < B 
where a and f are the lower and upper 
limits of u, and r is the given unit cost of 
capital. 


This model is exactly the same as Peles 


and Stein’s except that labor is an ex ante 
variable. Let us further assume that the von 
Neumann-Morgenstern axioms are satisfied 
so that the firm’s objective is to maximize 
the expected utility of profit, i.e., 


MaxG(K, L) | 
= f°U(m)o(u)du+ Ulma) f Audu 


where ọ(-) is the density function of u. The 
first-order conditions are given by? 


(1) G= f"U'(m)(Re—o(u)du 


+U'(m (s-r) f P a(u)du=0 


2Throughout this paper, subscripts will denote the 
partials. 

Note that ug is a function of K and L. But the terms 
involving the partials of ug cancel out in (1) and (2). It 
may be pointed out here that the terms $,(K) and 
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2) G=f°U(m)(R,—»)4(u)du=0 


The functions R, and R, can be written as 


Ry = fx(p + fP); Ri = fi(P + fp,)- -Using 
these, (1) and (2) can be written as 


O) Sef OUa )(p + fp,)o(u) du 


=r f "U(r Jolu) du 
~(s— 1) Um) f KO du 
2) A J "Uap + fp,)o(u) du 
=w f OU mou) de 
Dividing (1’) by (2’), we get | 
(s=) f KO du 


It is usually assumed that the fair rate of 
return is higher than the unit cost of capital, 
i.e s>r. Thus we have f,/F,<r/w. This 
implies, from the standard assumption of a 
quasi-concave production function, that the 
optimal K/L ratio is higher than that at the 
cost-minimization point. 


II, A Price-Quantity-Setting Firm 


In this model, it will be assumed that the 


amounts of capital and labor as well as the 


price level are the ex ante variables. In. other 
words, it is a case of a price-quantity-setting 
firm of Mills’ type.* This-model also keeps 
the analysis parallel to the standard A-J 
model insofar as the decisions on optimal K 
and L are taken at the same time. However 


$>(K) in Peles and Stein’s paper, which are analogous 


to the partials of uy in this paper, are in fact equal to 
zero. Thus there is no need to ignore $,(K) and $,(K) 
as Peles and Stein do. 

4A discussion of such a model can be found in 
Hayne Leland also. 
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- a fundamental difference between this mod- 
el and the one discussed in the previous 
section is that here the quantity produced is 
in general different from the actual quantity 
demanded. This implication, which might 
appear restrictive specifically for a regulated 
firm, could be justified in two ways: (a) In 
the case of public utilities, the common ex- 
ample of a regulated firm, excess demand 
sometimes does exist, for example, the ina- 
bility of the telephone company -to take 
some long distance calls around Christmas. 
Excess supply can of course be easily justi- 
fied by the existence of excess capacity. (b) 
Even though most regulated industries to- 
day are utilities or services, from the theo- 
retical point of view, the case of a regulated 
firm producing a commodity (as distin- 
guished from a service) is also worth ex- 
amining. There, the existence of excess 
supply or excess demand is very plausible. 

As in the previous model, let the demand 
function be g=h(p,u). Without loss of gen- 
erality, let h, be positive. Let X denote the 
output, and qg*, the quantity sold. Then the 
firm’s profit 7 is given by pq*—-wL-—rK. By 
analogy with ug in the earlier model, define 
H such that gq=h(p,H)=X=f(K,L). Thus 
if u> H, then g>X and q°= X; and if u< 
H, we have q<X and g*=q. Thus profit 
will be 


7,=ph( p,u)—wL—rK fora<u<H 


m =pf(K,L)—wL-rK for H <u<B 
and hence the expected utility of profit is 
given by 


G) f"U(m,)o(u)du+ Ul) f "oud 


The rate of return constraint in this model 
is given by pq°— wL <sK. But as the upper 
limit of the quasi rent, given p, K, and L, is 
pX—wL, the rate of return constraint is 
equivalent to ° 


(4) PI(K,L) —wL <sK 


*In fact, assuming that the regulatory constraint is 
effective, it becomes an equality; but the ineqality form 
helps in determining the range of the Lagrangian multi- 
plier of this constrained maximization. 
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Thus the objective of the firm is to maxi- 
mize (3) subject to (4), where K, L, and p 
are the control variables. 

There is one more complication to ad- 
dress before deriving the results formally. A 
classical argument against regulation is that 
it motivates the firm to employ some redun- 
dant capital which is not used in production 
but purchased simply to raise (or pad) the 
tate base in the eye of the regulator. How- 
ever it has been shown (see Edward Zajac 
or Bailey, for example) that such “rate-base 
padding” does not help; or, in other words, 
the optimal amount of redundant capital 
is zero. Similarly one can conceive of 
some redundant labor, whose optimal 
amount also turns out to be zero (see Bailey, 
ch. 5). Following Bailey, let us, in.a general 
way, introduce variables K* and L* which 
stand for redundant capital and redundant 
labor, respectively. As in Bailey’s text, it 
considerably simplifies the algebra here. 

Now with the additional variables K* 
and L*, the objective of ‘the firm can be 
written as 


Max 


H ‘ 
f Uj ph(pu)—w(L+ L*) 
K, L,p, K*, L* a 


—r( K+ K*) ]o(u)du 
+ U[ pf(K,L)—w(L+ L*) 


—r(K+ K*)] feud 


subject to 
pf(K, L)— w(L+ L*) <s(K+ K*) 


Let M and À stand for the Lagrangian and 
the Lagrangian multiplier of this con- 
strained maximization. Then, assuming 
positive solutions to K, L and p, the first- 
order Kuhn-Tucker conditions are given byf 


(5) @M/AK=pfgU"(m,) f "6(u) du 


— rE[ U'(7) | +A(s— pfe) 
=0 


‘Note that H is a function of p, K, and L; but as in 


‘Section I, the terms involving its partials cape out in 


the first-order conditions. 
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tage re eee 
(6) 8M/8L= pf, U'(m,) J(u) du 
— wE[ U'(n)] +(w— phy) 
=0 
(1) aM /op= f U'(m)(h+ phy ou) de 
+ U(r) f f adu Af 
=0 P 7 
(8) 8M/8K*=rE[ U'(r)] +As <0 


(9) (QM/8K*)K*=0- 
(10) aM /aL*=—wE[ U'(n)]+dw<0 


(11) (8M /aL*) L*=0 

(12) 8M/d0A=w(L+ L*)+5(K+ K*) 
| — pf(K,L) >0 

(13) (8M /aX)A=0 

(14) ADO 


I will now prove two lemmas which will 
lead- us to a proof of Proposition 2—-my 
final objective. 


LEMMA 1 (Lagrangian Multiplier): If the 
rate of return constraint is effective, then Q< 
A<E[U(x)]. 

Needless to say, this lemma has a perfect 
counterpart in the standard A-J model, 
‘which is O0<A <1.’ 


PROOF: 


When the constraint is effective, A >0, for 


otherwise the first-order conditions reduce 
to those of an unregulated monopoly. More- 
over, expression (10) on rearrangement im- 
plies A< E[U"(7)]. Thus it remains to show 
that AXE[U'(z)]. Suppose A= E[U"(r)]. 


Tee Bailey, p. 74, Proposition 5.1. 


DAS: RATE OF RETURN REGULATION 459 


Then expression (6) reduces to 
B 
PÍLU’ (22) J o(u)du—Aw +Aw—Apf, =0 


implying A= U'(7,){8¢(u)du. Substituting 
this in expression (5), we get Apf, —Ar+As— 
Apf,=0, which implies that. s=r, a con- 
tradiction to the usual assumption that s >r. 
Hence the proof. 


LEMMA: 2 (Rate- Base. Padding): The opti- 
mal K* and L* are zero.® 


PROOF: | i 


From Lemma 1, A<E[U'(a)] which im- 
plies from expression (10) that 047/dL* <0, 
which in turn from expression (11) implies 
that L*=0. Now, if K* 340, then from ex- 
pression (9), 0M/dK*=0; so that As= 
rE[U’()]. Substituting this in expression 
(5), we get A= U'(z,){8.6(u)du. But expres- 
sion (6) can be written as 


(19) pf,[ U) f Pou) —A] 
=[E{U(m)}—A] 


which implies through’ Lemma 1 that A< 
U'(7)f4,¢(U)du. Thus K*#0 leads to a 


' contradiction. Hence K*=0. 


Lemma 2 ensures that the solutions for K, 
L, and p given by expressions (5)—(14) are 
also the solutions to the maximization of (3) 
subject to (4). . 

We may now prove the central theorem, 
L.e., f/f, <r/w, which immediately implies 
Proposition 2. 


THEOREM: At the optimal level, fe/f, 
<r/w. 


PROOF: 
Let us rewrite expression (5) as 


(16) Phil U'(ma) fou) 


=r| E{U'(2)}—-A]—-A(s—r) 


®This result also holds under certainty. See, for ex- 
ample, Bailey, p. 75, Proposition 5.2. 
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Dividing (16) by (15) we get 
| fk a A(s—r) 
fL. w w|E{U'(r)}—à] 


where s is greater than r by assumption, and 
from Lemma 1, E[U’(7)|—A is positive. 
Hence fy /f,<r/w. ` 
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Limits on Public Provision of Private Goods 


By ROBERT J. STAAF AND E. G. WEsT* 


In a model that incorporates variable 
benefit shares into a median voter analysis, 
Arthur Denzau and Robert Mackay (here- 
after, D-M) extend the range of goods that 
may be publicly provided to include private 
commodities where price discrimination is 
feasible.' One alleged result is that if the tax 
price p’ to a majority of voters is less than 
the market price p of a privately tradeable 
good, where price discrimination is not pos- 
sible, then an unbounded increase in the 
public provision of the private good will 
occur since the majority can sell the excess 
beyond their own market quantity de- 
manded, making a per unit profit of (p— 

7). Public provision of the private good 
under these circumstances is therefore im- 
probable. 
' Our comment concentrates on this result 
of the D-M analysis. Their central contribu- 
tions of benefit shares and general analysis 
of price discrimination are not at issue here. 


Their finding does not consider the effects 


on the price of the privately tradeable good 
as the market equilibrium quantity is ex- 
ceeded. We show that public provision of 
private goods may be undertaken to transfer 
income indirectly from the minority to the 
majority, and that such income transfers 
will be maximized when the equilibrium 
quantity publicly provided is identical to the 
_ market equilibrium quantity. Hence it will 


*Law and Economics Center, University of Miami 
(on leave from Virginia Polytechnic Institute and State 
University), and economics department, Carleton Uni- 
versity, respectively. We gratefully acknowledge com- 
ments by Mackay who suggested the use of a Cobb- 
Douglas utility function to rectify criticisms of the 
referee. We also acknowledge helpful comments by 
James Buchanan and an anonymous referee. This re- 
search was supported, in part, by the Ford Foundation 
and the Law and Economics Center, University of 
Miami. 

1The analysis differs from Robert Spann’s since his 
model like D-M assumes a private good where price 
discrimination is possible. 
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never be in the interests of a majority coalli- 
tion to extend public provision beyond a 
market equilibrium quantity. Under certain 
conditions, public provision of a private 
good with subsequent market resale is basi- 
cally a change in the property right structure 
and may be examined in the context of 
Coase’s neutrality theorem.” 


I. The Basic Model 


Denzau and Mackay state their case for 
the unlikely public provision of private 
goods as follows: 


Combining these results leads to the 
conclusion that for the public provision 
of a purely private good to continue in 
the presence of a private, competitive 
market, allowing for private purchases 
and resales, a majority of voters must 
have tax prices p? of exactly p. In 
short, continued public provision of a 
freely exchangeable private commod- 
ity requires either: 1) outlawing private 
exchange of the good; 2) a-special 
earmarked tax with tax shares set 
equal to benefit shares for a majority 
of voters; or 3) the setting of. benefit 
shares so that they equal the marginal 
tax shares implicit in the given finance 
system. Since the occurrence of either 
of the last two conditions seems im- 
probable, and the criminalization of 
private markets generates many other 
problems, it appears unlikely that 
easily exchangeable goods such as 
bread could ever be publicly provided 
in a participatory democracy. 

[pp. 74-75, emphasis added] 


These conditions are indeed unlikely. The 
following is a median voter model based on 
tax shares not equal to benefit shares and 
the existence of a market (legal or illegal) to 


2The usual caveat of ignoring transactions costs is 
assumed. 
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illustrate a determinate and bounded solu- 
tion. 

1) The private good q is produced in a 
competitive industry where p=c and mar- 
ginal cost ¢ is constant. 

2) A free exchange market is permitted 
(or exists) after the collective allocation of 
the good and transactions costs are zero. 

3) Benefit shares are equal such that 
a,;=1/m where m is the total number of 
recipients of the publicly provided private 
good. . . 

4) Taxes are levied on the basis of a 
proportional income tax such that the tax 
share, 7; is equal to n =y;/È; y; ij= 
l,...,m. 

5) The distribution of income is sym- 
metrical where y median =y mean. 

6) Cobb-Douglas utility functions are 
assumed. 

Given these assumptions the median (in- 
come) voter will face a tax price p‘ that is 
equal to the market determined price p, 
since his tax share 7, equals his benefit share 
a,.4 Individuals with less (greater) than 
median income will have tax prices, p,’, less 
(greater) than p since their tax share, T, is 
less (greater) than the average or median tax 
share. These conditions will be illustrated 
with a simple three-person model. 

Refer to Figure 1. Prior to collectiviza- 
tion, and given a market price of $1, indi- 
vidual 1 is at equilibrium at point FE, and 
demands two units. Individual 2, at 
equilibrium point E,, demands four units. 
Individual 3, at equilibrium point Æ, de- 
- mands six units. Aggregate supply is thus 
twelve units. Under the assumptions of a 
symmetrical income distribution and uni- 
tary income elasticity, individual 1 initially 
has 0.5 of the median (mean) income of 
individual (2). Individual 3 has 1.5 the in- 
come of individual 2. The units of incomes 
on the vertical ordinate are four, eight, and 
twelve, respectively. 


Alternatively, we could assume 1,=1/m (equal tax 
shares) and œ= uy? /ÈŁ; y” where p=1 and y<1: re- 
gressive benefit shares (see D-M, p. 72). 

“That is, 7; = a; for the median voter only such that 
his income constraint is y; = z,+(7,c/a)g,=z;+ Pq; 
where c=p at a market equilibrium quantity. 
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FIGURE 1 


Upon collectivization, the median voter, 
individual 2, will vote for a total collectively 
provided amount of twelve units. He will 
receive an equal share of four units at a tax 
price p; per unit, equal (in this case) to the 
market price p. His position will be identical 
to the market outcome. Individual 1’s tax 
share is 0.5 of individual 2’s since the tax 
rate is proportional to income. The (lower) 
tax price p/f of this individual is shown in 
the dashed opportunity line which, im- 
mediately after collectivization, will lead 
him to vote for four units (point c,). Individ- 
ual 3’s tax price p7 is 1.5 of individual 2’s or 
L5 times the market price and will lead him 
to vote for four units also (point c,) assum- 
ing the absence of private alternatives. 

As shown in Figure 1, individuals 1 and 2 
have different marginal evaluations at the 
fourth unit of the private good collectively 
and uniformly provided to each. Thus there 
are potential gains from trade -between 
them. In a large number setting, the ex- 
change price will equal the previously de- 
termined market price. Therefore individual 
1 will trade one unit of the private good to 
individual 3 in return for $1 in income. The 
new, posttrading equilibria are thus located 
on the ray l at J, E, and K, bringing about 
an equality of the marginal rates of substitu- 
tion. 
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The aggregate quantity of twelve units 
supplied and demanded is the same as the 
previous market-provided quantity. This re- 
sult is obtained because, after the collective 
provision of twelve units (with each receiv- 
ing four units), individuals 1 and 3 move 
in opposite directions—aindividual 3, as a 
buyer, moving to the right on the diagram, 
and individual 1, as a seller, moving to the 
left. The only difference between this and 
the market result is that an income transfer 
has taken place. Individual 1 at K has re- 
ceived the equivalent of an income increase 
of two units; individual 3 has experienced 
an income equivalent decrease of two units. 
In this new equilibrium position, however, 
tax shares and price consumption curves 
will change. This will result in a second 
sequence of voting that will eventually con- 
verge to an identical (equal) income distri- 
bution. 

Individual 2 in this example is actually 
indifferent to collective allocation or market 
allocation. Individual 3 will vote for zero 
collective action since his tax price is greater 
than the market price. Individual 1 prefers 
collective allocation since he earns a per 
unit profit of p—p,? on each unit when the 
publicly provided quantity is identical to the 
market equilibrium quantity. Will individual 
l vote for an unbounded amount of the 
private good to be pane provided as 
D-M conclude? 


II. The Convergence To Income Equality 
A. The Open Economy 


Our model on its assumptions has already 
shown a convergence to income equality. 
This alone illustrates a bounded solution. 
To go further, assume for a moment that the 
median individual 2 will remain in the coali- 
tion with individual 1 for all proposed quan- 
tities in excess of four units each. Consider 
an extreme example of a proposal for a total 
public supply of twenty-four units, or eight 
units each. This supply would exhaust indi- 
vidual and total community income. If we 
assume an open economy extending beyond 
this community of three, and the increased 
supply does not affect the world price 
assumed equal to $1, then each individual 
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will have a final equilibrium of E, where 
each individual will sell four units of his 
collective provision of eight units in the 
world market receiving $4 in income. The 
end result is an equal distribution of in- 
come, but the total public provision of the 
private good is bounded by the community’s 
resources. 


B. The Closed Economy 


Now consider the closed economy of 
these three individuals with a public provi- 
sion of twenty-four units. All individuals 
will have an excess supply of the private 
good with the end result an equal distribu- 
tion of the private good. Obviously, individ- 
uals 1 and 2 find this equilibrium inferior to 
the market solution and would not vote for 
public provision. Therefore, the quantity 
publicly provided will be less in a closed 
economy than in an open economy. 

- Consider a collective provision of eigh- 
teen units, six units each, in a closed econ- 
omy. This would place individual 3 before 
trade at point L in Figure 1. On our 
assumption the marginal rate of substitution 
a point L is equal to that at point c, on the 
ray 2. The marginal rate of substitution at 
point L and c, is equal to 0.5 (individual 1’s 
tax price). In order for individual 3 to en- 
gage in exchange and demand more than his 
public provision, the exchange price must be 
below $0.5. However, individual ls tax 
price is $0.5 and individual 2’s tax price is 
$1. Therefore, if they engage in exchange 
with individual 3 at an exchange price less 
than $0.5, they will suffer a net loss on the 
transaction. Since individual 1 would not be 
willing to lower the price below his tax price 
of $0.5, there will be no buyers. All three 
individuals are worse off relative to a 
collective provision equal to the market 
equilibrium quantity. 

By similar reasoning we can eliminate all 
collective supply amounts from eighteen 
units to twelve units. Collective provision in 
excess of twelve units must entail a reduced 
exchange price, but individual (2) will not 
vote for a provision in excess of twelve units 
because his tax price is equal to $1 which is 
equal to marginal cost (p/=c). Collective 
provisions that are less than or equal to the 
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market equilibrium are the only possible 
equilibrium. and a public provision equal 
to the market equilibrium will maximize 
transfers. 

This can be readily seen by referring to 
the upper right-hand corner of Figure 1. 
Because of the Cobb-Douglas assumption 
we can sum the individual price consump- 
tion curves to arrive at a community price 
consumption curve (indicated by the hor- 
izontal line P.) regardless of the type of tax 
structure assumed (regressive, proportional, 
or progressive), and regardless of the in- 
come effects brought about by the public 
provision of private goods. The community 
price consumption curve intersects the pro- 
duction-possibilities curve (B-B) at the 
market equilibrium quantity of twelve units. 
Public provision at less than twelve units 
' without private suppliers will mean potential 
gains from trade are not being exploited and 
income transfers not maximized. Public pro- 
vision in excess of twelve units results in a 
net social and individual welfare loss as 
previously demonstrated. 


HI. Other Utility Functions 
A. Symmetrical Income Distribution 


If we now relax the Cobb-Douglas utility 
function assumption, the analysis becomes 
more complicated, but the general results 
. are unaffected. The individual income elas- 

ticities may differ and. attempts to sum the 
price consumption curves will be dependent 
upon the tax structure assumed and the 
resultant redistributional effects of exchange 
after the public provision. Because of differ- 
ent tax structures and income effects, the 
community price consumption curve is 
likely to be radically different from the com- 
_ munity price consumption curve under a 

_ market solution. That is, the optimal public 
provision to maximize transfers may dif- 
fer from the market equilibrium quantity 
by intersecting the production-possibilities 
curve to the left or right of a market provi- 
sion. However, the principle remains that 
the public provision of a private good will 
be identical to market provision after incor- 
porating the income effects of different tax 
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prices and the postredistributional effect of 
exchange. 

While individuals with less than the 
median income will gain from public provi- 
sion of a private good, assuming a market 
equilibrium quantity, the median voter Gn- 
come) receives no benefit from collectiviza- 
tion since his tax price equals the market 
price. The restrictions of proportional in- 
come taxes and a symmetrical income dis- 
tribution insure that the average tax share 
equals the median tax share. Equal benefit 
shares insure that the average benefit share 
will equal the average tax share for the 
median voter which together imply his tax 
price equals the market price.’ 


B. Positively Skewed Income Distribution 


Now assume more realistically that the 
median income is less than the mean in- 
come. Under proportional income taxation, 
the median voter’s tax share is less than the 
mean income voter’s tax share. Equal bene- 
fit shares implies that the median (income) 
voter’s tax price is less than the market 
price; i.e., a,/7,>1 or rp/«;= pf <p. Note 
that p in both sides of the preceeding equa- 
tion are identical only when the. private 
good is publicly provided in an amount less 
than or equal to the market equilibrium 
quantity. An overprovision will result in an 
exchange price lower than marginal cost c 
of production, assuming a competitive in- 
dustry where c=p. Therefore, for our pur- 
poses, the equation should be written as 
1,c/a,=p/ <p, where c=p when the public 
provision is less than or equal to the market 
equilibrium. This formulation permits us to 
examine the median voter’s tax price of an 
overprovision where c>p. In this case, 
7;,¢/a,=pi>p, even though a,/7,>1 as 
long as c/p >a;/ T; 

Stated in words, if the ratio of the margin- 
al cost to price is greater than the ratio of 
benefit share to tax share, the median voter 


SAt a publicly provided quantity less than or equal 
to the market equilibrium quantity which insures p =c. 

This is true whether a regressive, proportional, or 
progressive income tax schedule is used. 
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will pay a tax price greater than the market 
price and find it advantageous to reduce the 
publicly supplied amount or opt for the 
market allocation.’ Public provision at the 
market equilibrium quantity, or less, results 
in the median voter paying a tax price less 
than the market price generating consumer’s 
surplus and/or a profit on exchange. There- 
fore, individuals with income less than or 
equal to the median income who form a 
majority (voter) coalition will be motivated 
to vote for a publicly provided quantity 
equal to or less than the market equilibrium 
quantity to maximize their transfer.® 


IV. The Lindahl Solution with 
Price Discrimination 


The result reached here is that, in contrast 
to Denzau and Mackay’s conclusion, the 
public provision of private goods, where 
price discrimination is ruled out, is possible. 
The voting. motivation moreover is to redis- 
tribute income. The resultant income fur- 
thermore will tend to mirror the underlying 
distribution of property rights in a demo- 
cratic system of one man-one vote. 

As a final note we wish to take issue also 
with D-M’s conclusion that private goods 
that allow price discrimination not only can 
be produced publicly, but will involve 
“stronger” redistribution than the public 
provision of the private goods (theoretically) 


"Note that if the market good must be provided 
collectively, the minority will also prefer a market 
equilibrium supply since a collective overprovision will 
mean an overprovision for all even after exchange. 
Therefore if private market adjustments are prohibited, 
although the exchange is permitted, the market 
equilibrium is the only equilibrium that would pass 
under a rule of unanimity. 

The previous assumption of unitary income elastic- 
ity is not necessary, as discussed previously. 
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would. Taking as an example the case of fire 
protection, they argue redistribution will 
take the form of disproportionate shares of 
the service distributed to taxpayer-benefi- 
ciaries, those nearest a fire station, for in- 
stance, receiving more (better) services than 
others. Under Lindahl taxes, the price is 
equated to the summed marginal rate of 
substitution (MRS) for the public good and 
each taxpayer faces a tax price equal to his 
individual MRS. Supposing price inelastic 
demand for fire services, then the Lindahl 
tax prices will be /ower for the consumers 
closer to the fire station. Thus the redistrib- 
utive effect is strengthened: voters who re- 
ceive more fire services pay smaller tax bills 
and enjoy better service. 

Our disagreement here is based on the 
fact that the Lindahl solution operates un- 
der a regime of unanimous voting. The loca- 
tion of the fire station is itself a variable that 
must be voted on. With a Wicksellian sys- 
tem of simultaneous voting and expenditure, 
no group of taxpayers is going to agree, ex 
ante, that another group receive above 
average shares of the service without some 
compensatory additional payment. Under 


unanimous voting, disproportionate shares 


can be vetoed in advance by a single voter. 
We agree that redistribution will take place 
under majority voting. But then, the price 
discrimination case is no different from 
other private goods cases—as argued above. 
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Limits on Public Provision of Private Goods: 
Reply and Further Analysis 


By ARTHUR T. DENZAU AND ROBERT J. MACKAY* 


In a final section to our article in this 
Review, we pointed out problems that might 
arise in a democratic setting from attempts 
to provide publicly private goods that are 
easily exchangeable. In particular, we con- 
sidered the case in which the political collec- 
tivity in question was a small part of a 
larger, open economy so that the publicly 
distributed good could be resold to individ- 
uals outside the collectivity. We then 
attempted to deduce the restrictions on the 
distribution of benefit shares and tax shares 
that were necessary for an equilibrium to 
involve public provision of the good at a 
finite level. 

In simplest terms, we argued that if, for 
example, the town of Blacksburg attempted 
to provide bread publicly and a majority of 
its citizen-voters faced tax prices less than 
the price at which they could export the 
good to the rest of the economy, then this 
majority coalition would support un- 
bounded increases in the level of public 
provision of bread. The pursuit of these 
“arbitrage profits” by the majority coalition 
would imply, of course, bankruptcy for the 
minority coalition. These types of problems, 
we argued, made it unlikely that easily ex- 
changeable private goods would be publicly 
provided.! 

Robert Staaf and E. G. West (hereafter, 
S-W) have taken issue with this section of 


*University of Arizona and Virginia Polytechnic In- 
stitute and State University, respectively. We would 
like to thank Carolyn Weaver, Robert Tollison, and 
Geoffrey Brennan for their helpful comments. The 
research for this paper was supported by the National 
Science Foundation under Grant SOC76-22438. 

'We went on to argue that public provision is more 
likely to involve those types of private commodities, 
such as services, for which price discrimination is feasi- 
_ ble. Thus, the issue is not whether there will be public 

provision of private goods or not but rather what types 
of private goods are more likely to be provided pub- 
licly. 


our paper on several grounds. First, they 
argue that even if the collectivity is a small 
part of an open economy, individuals would 
not vote for an unbounded amount of the 
private good to be publicly provided since 
this would “exhaust individual and total 
community income.” They seem to argue 
that a voter would not support a level of . 
public provision if his implied tax bill ex- 
hausted his initial income. This clearly is 
not true for those voters with tax shares less 
than their benefit shares. These individuals 
would be perfectly willing to borrow to fi- 
nance their tax bills since they earn signifi- 
cant arbitrage profits at the exchange stage. 
In essence, S-W assume that individuals 
cannot borrow even when they can so easily 
arbitrage between the domestic and outside 
market at a profit. Ruling out borrowing in 
this context is arbitrary and, of course, it is 
no surprise that it leads to a bounded solu- 
tion. As a result, we find this criticism of 
our conclusion unconvincing. 

Staaf and West also assert that in an 
open-economy setting, public provision of a 
private good leads, through a sequence of 
voting, to convergence to income equality. 
In this case, they are not simply tinkering 
with our assumptions to generate different 
results; rather, they are making a serious 
logical error. They argue that since the out- 
come resulting from public provision of a 
private good with exchange within a period 
is equivalent to a certain income increase or 
decrease, the individual’s income in the next 


_ period can be treated as if it actually were 


higher or lower by that amount. Alterna- 
tively put, they treat the individual’s wealth 


at the exchange stage during one period as 
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the relevant income or wealth variable for 
the beginning of the next period. This is 
simply incorrect. The value of an indi- 
vidual’s wealth at the exchange stage, de- 
noted w,, consists of his initial income or 
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endowment y,, minus his tax bill 7,cx, plus 
the value of his share of the distribution of 
the publicly provided good apx. This 
wealth variable does not become the indi- 
vidual’s wealth at the beginning of another 
period and round of voting, but instead 
constrains the individual’s purchases and 
consumption of private goods at the ex- 
change stage during the current period.” 
Simply because a particular policy is equiv- 
alent in its effects in one period to an in- 
crease in income does not imply that the 
individual involved actually has that income 
to carry over into all future periods. Once 
this correction is made, their convergence 
result no longer follows. 

With S-W’s criticisms of our analysis of 
the open-economy case out of the way, we 
can turn to the major contribution of their 
paper. Their attempt to extend our analysis 
of the public provision of private goods to 
the closed-economy case raises several inter- 
esting issues and, most importantly, makes 
it quite clear that both of our papers are but 
subcases of a more general problem. Unfor- 
tunately, the particular example S-W have 
chosen to examine and the manner in which 
they state their results are potentially mis- 
leading, both with respect to the general 
nature of the problem and the properties of 
its solution. . 

Consider, for example, the following from 
S-W: 


We show that public provision of 
private goods may be undertaken to 
transfer income indirectly from the 
minority to the majority, and that such 


In our notation, w, would be greater than or equal 
to the individual’s expenditure, at the exchange stage, 
on good z; plus his expenditure on good q,. The indi- 
vidual’s income at the start of the next period in an 
endowment model of the type we constructed would be 
given by y; not w; This assumes, of course, that there is 
no savings in the model. If one allows for saving, then 


w, would constrain the sum of individual consumption ` 


expenditures plus savings. The individuals’ income next 
period would then be given by y; plus the returns from 
his savings. Individual utility functions would have to 
be modified appropriately to extend the model in this 
direction. The analysis of the majority-voting equi- 
librium also becomes more difficult in a multiperiod 
and, hence, multi-issue setting. 
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income transfers will be maximized 
when the equilibrium quantity publicly 
provided is identical to the market 
equilibrium quantity. Hence it will 
never be in the interests of a majority 
coalition to extend public provision 
beyond a market equilibrium quantity. 

: [p. 461] 


Such a statement misrepresents both the na- 
ture of the problem as being one of simple 
transfer maximization and the character of 
the solution as being identical to market 
provision. In Section I, therefore, we present 
as briefly as possible the structure of the 
general problem and its solution. In Section 
II, the solution to a specific example is 
presented to illustrate the types of issues 
involved and to provide a counterexample 
to S-W’s assertion that public provision will 
never exceed the market equilibrium quan- 
tity. 


I. Public Provision of Private Goods: 
The General Problem 


As an alternative to market provision, 
public provision of a private good involves 
financing through some tax-sharing arrange- 
ment and distribution to citizens according 
to some distribution scheme. This may or 
may not be followed by private exchange of 
the publicly provided good. If private ex- 
change is allowed in the postdistribution 
period, then citizens in their roles as voters 
are faced with a complex choice problem in 
evaluating alternative proposals. The voter 
must form some expectation about out- 
comes at the exchange stage; in particular, 
about the value of his public allotment of 
the private good and its relative price at the 
exchange stage. Only with these expecta- 
tions can he rank alternative levels of public 
provision against one another or against 
market provision. 

These expectations, moreover, will be 
conditioned by the economic setting in the 
community. This follows since actual out- 
comes at the exchange stage depend criti- 


31f private exchange is prohibited then the analysis 
of Sections I and II of our original paper applies. 
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cally, for example, on whether the commun- 
ity is an. open and small part of a much 
larger economy or a closed economy. The 
voter’s evaluation of a particular level of 
public provision will, therefore, depend 
upon the structure of the exchange market. 
An analysis of the likely outcome of the 
majority voting process must be based upon 
an explicit modeling of these expectations. 
One natural approach ‘to this problem, 
since uncertainty elements are ignored, is to 
assume that expectations are formed ration- 
ally, being based on, perfect foresight. Ana- 
-lytically, the problem can then be solved by 
working backwards as follows. First, solve 
for the equilibrium outcomes of the ex- 
change process resulting from alternative 
levels of public provision. In general, these 
‘outcomes will depend upon preferences, the 
distribution of income, tax shares, benefit 
shares, the structure of the exchange market, 
and cost conditions. Second, the equilibrium 
outcomes that result at the exchange stage 
from various levels of public provision can 
be substituted into the direct utility function 
for each voter to derive that voter’s public 
sector preference function.* Third, these 
public sector preference functions, along 
with the indirect utility functions that result 
from private market provision, can be 
aggregated through majority voting. 
Working with these public sector prefer- 
ence- functions, one can examine the follow- 
ing questions. Does a majority rule equi- 
librium exist? Under what conditions will 
the equilibrium’ involve public provision of 
the private good? How likely are these con- 
ditions to be satisfied? And, if there is pub- 
lic provision, how will the level of provision 
compare to the level'of provision in the 
private market? This approach is illustrated 
below and applied in the following section. 


A. The Private Market Equilibrium 


Consider a political community with m 
citizen-voters, each of whom has preferences 


4See James Barr and Otto Davis for a discussion of 


public sector preference functions. 
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representable by the following utility func- 
tion: 


(1) 7 U;(z,q;) 


where z; and q; are the ith individual’s con- 
sumption of two pure private goods. 

Under private market provision of both z 
and q, the individual will maximize (1) sub- 
ject to the following budget constraint: 


i=1,...,m 


(2) Yi 2 Z; + Pq; 


where y, is his initial income or endowment, 
z; is taken as numeraire, and p is the price of 
g. This maximization problem yields indi- 
vidual demand functions of the form: _ 


(3) qg =g; CP) 
z“ =y; — pgi(p,y;) 


Assuming that the unit cost of g, denoted c, 


-is constant, then in market equilibrium, de- 


noted by a superscript M: 


m 
> g:(c,y;) a 


i=] 


(4) p”“=c or 


where x™ is the total amount of good q 
consumed in market equilibrium by the 
citizens of this community. The citizen- 
voter’s indirect utility function evaluated at 
equilibrium prices and quantities provides 
him with an expression for ranking market 
provision against alternative levels of public 
provision and is given by 


(5) . UM = U;| y,— cg(0.¥;),8,(C.y;) | 


B. Public Provision with Private Exchange 


1, The Exchange Stage 


Assume that good g.is now Sabhely pro- 
vided while z remains privately provided. 
The publicly provided good is distributed 
among the voters according to the following 
scheme: 


(6) d=a,x 


m 
where a,20 and > a=! 
i=] 
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where x is the total provision, a; is voter i’s 
benefit share or coefficient of distribution, 
and d, is the amount of the good distributed 
to voter i. The ith voter’s budget constraint 
at the exchange stage 1s given by 


(7) y+ pd, 22,+7;cx + pq, 


where 7, is his tax share, c is the assumed 
constant marginal and average cost of a unit 
of x to the community, and p is the price of 
the publicly provided good at the exchange 
stage. Individual demands at the exchange 
stage are given by the maximization of (1) 
subject to (6), (7), and a given level of 
provision of x: 


(8) x= x° 


This maximization problem yields individ- 
ual demand functions of the form: 


(9) qf =2(p, w;) 


Ze = w; — pg;(P, w;) 


with w, =y,+ (ap —7,c)x° 


In these functions, w, is simply the indi- 
vidual’s wealth at the exchange stage. 

The equilibrium price determined at the 
exchange stage depends not only upon these 
individual demands and the level of public 
provision of x, but also upon the structure 
of the exchange market in the postdistribu- 
tion setting. Several different structures for 
this market can be considered. 


I. The Exchange Market is Open: The 
community is a small part of a larger econ- 
omy with citizens able to purchase (import) 
additional units of g from individuals out- 
side the community or sell (export) the units 
of q distributed to them to individuals out- 
side the collectivity, 

In this case, the equilibrium exchange 
price, denoted př, will be determined by 
supply and demand conditions in the rest of 
the economy and will thus be given by 


(10) p®=c 
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Il. The Exchange Market is Closed: The 
only q available at the exchange stage is that 
distributed by the government, so that there 
are neither imports, exports, nor any 
domestic production of q at the exchange 
Stage, 

In this case, the equilibrium exchange 
price depends solely on supply and demand 
conditions in the community and is de- 
termined by the following condition: 


m 
2 gi pyt (ap? — 7,¢)x° | = x? 
i=] 


Solving this equation for the equilibrium 
exchange price gives 


(11) p” = (x;4,7,y,c) 


where a, r, and y are the vectors of benefit 
shares, tax shares, and incomes, respec- 
tively. 

Ill. The Exchange Market is Open to 
Imports But Closed to Exports: At the ex- 
change stage citizens can purchase addi- 
tional units of g from outside the commun- 
ity or from domestic producers at a price of 
c. Resale of the publicly provided good to 
individuals outside the community is pro- 
hibited. i 

In this case, 


(12) p*=min[ (x), c] 


IV. The Exchange Market is Open to 
Exports But Closed to Imports: At the ex- 
change stage citizens can sell the units of the 
publicly provided good distributed to them 
to individuals outside the community at a 
price of c. Purchases from outsiders or 
domestic producers at the exchange stage is 


prohibited. 
In this case, 
(13) p” =max| y(x), c] 


The level of utility, denoted U,*, that the 
ith voter receives from a level of public 
provision of x°, given a particular structure 
of the exchange market can be found by 
substituting the appropriate equation from 
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equations (10)-(13) into the exchange-stage 
demand functions, equations (9), to de- 
termine the equilibrium levels of consump- 
tion, denoted z* and g;*, and then substitut- 
ing these consumption levels into the direct 
utility function. That is, 


(14) UF = U;(z;", qj 


where #7 =g(p#,w*) 


zj z wë ~P *9( p = wF) 
wë =y t (ap Rs 7,¢)x° 


and p* is given by the appropriate expres- 
sion from equations (10)-(13) depending 
upon the structure of the exchange market.° 


2. The Voting Stage 

A voter’s public sector preference func- 
tion provides a ranking for that voter of 
alternative states of the public sector. Under 
the assumption of perfect foresight, equa- 
tion (14) provides the appropriate ranking. 
At the voting stage, the voter’s public sector 
preference function, denoted by V,(x), can 
be used for evaluating alternative proposals 
for levels of public provision. Moreover, by 
comparing equation (5) to (14), the voter 
can also evaluate market provision relative 
to various levels of public provision. 

So long as private market provision is an 
allowable proposal, the following two condi- 
tions must be satisfied if a proposed level of 
public provision of the private good x* is to 
be an equilibrium of the majority voting 
process: 

(i) x* must be an element of the set X 
defined as the set of all x such that s(x)— 
I(x)20 where s(x) is the cardinality of 
the set of voters who strictly prefer that lev- 
el of public provision to market provision 
(i.e., V(x) >U;") and I(x) is the cardinality 
of the set of voters who strictly prefer 
market provision to that level of public pro- 
vision (i.e., V;(x)<U*). 


‘It is important to note that in general voter i's 
evaluation of a level of public provision depends upon 
the distribution of benefit shares, tax shares, and in- 
come since these distributions may effect the equi- 
librium exchange price. 
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(ii) for any xeX, n(x*,x)2>n(x,x*) is 
the cardinality of the set of voters for whom 
V(x*)>V;,(x) and n(x, x*) is the cardinality 
of the set of voters for whom V,(x)>V,(x*). 

If the set X is empty, then private market 
provision will be the equilibrium of the 
majority voting process. 

By considering specific forms of the direct 
utility function, and thus specific forms of 
equation (14), we can examine conditions 
under which an equilibrium with public pro- 
vision will exist and the characteristics of 
public provision relative to private provi- 
sion. 


IJ. A Counterexample 


The framework presented above provides 
an excellent means of evaluating S-W’s 
contribution. Consider the following sum- 
mary of their analysis: “...the principle re- 
mains that the public provision of a private 
good will be identical to market provision 
after incorporating the income effects of 
different tax prices and the postredistri- . 
butional effect of exchange” (p.464). This is 
either a remarkable result or a tautology, 
depending upon what is meant by their 
qualifying phrase. To show that this asser- 
tion is’ incorrect, we have chosen as our 
counterexample a special case in which the 
income elasticity of demand for the publicly 
provided good is zero, so that income effects 
are absent. This counterexample also dem- 
onstrates that public provision may well ex- 
ceed the level of private market provision. 
We consider both the open-economy case, 
in order to correct an error in our earlier 
paper, and the closed-economy case. 


A. The Private Market Equilibrium 


Assume that all the citizen-voters have 
identical preferences given by 


09 U=2+(14,- Fa), 8 >0 
This utility function yields a linear demand 


function for q that is independent of the 
level of income. That is, 


(16) q} = ra —p) 
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In market equilibrium, the following condi- 
tions hold: 


(17) p“=corx™"= 


In private market equilibrium, the ith citizen 
receives a level of utility given by 


M 1 (y—e)? 
(18) UP ena pe 


B. Public Provision with Private Exchange 


1. The Exchange Stage 
At the exchange stage, individual de- 
mands are given by 


1 
| a Le Ee A 

(19) q; BLY p) 
zf=y,+(ap—71,c)x°— raw —p) 


_ Given these individual demands, the equi- 
librium exchange price is given by 


(20) p*= 
Open Economy 
C > , 
Closed Economy 
. m 

y— Bao joate ony. 

m © B 

m 
0 for x? > 2A 
B 
Open To Imports / Closed To Exports 
c for x°<x™ 
m 

y— B Yo for x” <x? < ZA 

m ea 

m 
0 for x°> — 
B 

Open To Exports/ Closed To Imports 
y— Bo „forxa <x 

m . 
c for x°>x™ 


Note that in this special case, the y function 
is independent of a, 7, and y. 
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2. The Voting Stage 


Open Economy. If the exchange market is 
open, then p” equals c and substituting this 
into equations (19), (19) into (15), and re- 
arranging gives the following public sector 
preference function: 


(21) Vj=UM+(a,—1, ex =V(x3 0, 7,990) 





a OV 3V; 
with zy hai tHe vane 9x2 =0 


The voters’ public sector preference func- 
tions are linear with an intercept of. U;“ and 
a slope of (a,—7;)c. Note that whether the 
voter’s utility increases or decreases with 
increases in x depends solely on his benefit 
share relative to his tax share. That-is, 


In this case, then, if a voter’s tax share is 
less than his benefit share, he will vote for 
unbounded increases in the level of x; if his 
tax share: is greater than his benefit share, 
his most preferred level of x is zero; and if 
his tax share equals his benefit share, he is 
indifferent between market provision and 
any level.of public provision. 

With this formulation of the problem, it is 
quite easy to examine the conditions under 
which public provision at: some positive 
level will be an equilibrium of the majority 
voting process. If a majority of voters have 
benefit shares strictly greater than their tax 
shares, then this coalition will support un- 


‘bounded increases in the level of public 
- provision. Public provision under these con- 


ditions would imply bankruptcy for the 
minority coalition, and hence is unlikely to 
continue. This extreme result can be avoid- 
ed in a number of ways. The first way is to 
restrict the distribution of tax and benefit 
shares so that this condition cannot arise. 
For example, if there are three voters, A, B, 
and C, and T4 >a4,T,= Gg, and Tc <ac, re- 
spectively, any level of public provision ‘will 
be an equilibrium of the voting process. 
This example also clearly indicates that it is 
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not necessary for a majority of voters to 
have benefit shares identically equal to their 
tax shares for finite levels of public provi- 
sion to be equilibria. Unfortunately, we mis- 
takenly stated the condition in this strong 
form in our earlier paper, and thus welcome 
this opportunity to correct our error. 

A second way to eliminate the extreme 
result of an infinite level of provision is to 
restrict the proposals that are allowed on 
the agenda, as suggested by S-W. The re- 
striction they place on allowable pro- 
posals—that proposed levels of spending 
must be less than or equal to the minimum 
value of y,/7,;c across all voters—is, how- 
ever, not particularly compelling, as we dis- 
cussed earlier. Other restrictions can be 
easily imagined, but appeal to these types of 
restrictions, in our opinion, only strengthens 
the argument that public provision of easily 
resalable private goods in an open-economy 
setting is unlikely. 


Closed Economy. By restricting the model 
somewhat more, we are able to show that 
even in the absence of income effects there 
is no necessity for the equilibrium level of 
public provision to coincide with, or be less 
than, the level of market provision. Assume 
that benefit shares are equal across all 
voters; i.e., a, = 1/m. The voter’s public sec- 
tor preference function with equal sharing 
and a closed-exchange market can be found 
by substituting this information ‘along with 
(20) into (19), then (19) into (15), and re- 
arranging to yield: 


(22) 

E 

y,+ ay mr;c)x 3 “3 
my 
Eos 
V(x)= for x B 
1 y? my 
ex for x> -5> 
woo B B 


This function is single peaked for 0<7,< 1. 
For values of 7, greater than or equal to 
~ /mce, the peak occurs at zero. For values of 
q; less than y/mc and greater than zero, the 
peak occurs at a level of provision denoted 
£, given by 


JUNE 1980 





TABLE | 
? V(x) 
Ti X; Relative to UM 
7 : : 
7 >—+ ¥,=0 V5) <UM 
I l y k à 
1 a a 
GS m y=x" Vi(x)= UM 
1 À z 
Rn p> x V(x) >U" 
7;=0 i= V(%)> UM 
A m i 
(23) x;= B (y — mrc) 


For 7, equal to zero, the voter’s public sector 
preference function reaches a peak at my/ B 
and is flat for further increases in x. Other 
important properties of these public sector 
preference functions are summarized in 
Table 1. 

This example makes it quite clear that 
S-W’s assertations about public provision 
relative to private provision are incorrect. 
Consider the case they examined, a propor- 
tional income tax and a nonsymmetric in- 
come distribution, for which the median in- 
come is less than the mean income. In this 
case, a majority of voters have tax shares 
strictly less than 1/m. It can be shown that 
the equilibrium of the majority voting pro- 
cess is given by the median distribution. of 
Xs, denoted X,,.p, and as Table 1 indicates, 
this level of provision exceeds the level of 
private market provision. This example, .in 
fact, yields a conclusion just the opposite of 
S-W’s: if there is public provision, it will be 
at a level greater than or equal to the level 
of private provision.’ 


That is, it can be shown that for a majority of 
voters V;(Xagep) > UM and n(tyen:X) > n(x, Xyep) for 
all other x € X. 

TOther market structures are also possible. If the 
exchange market is open to exports but closed to im- 
ports, and a majority of voters have tax shares less than 
1/m, the equilibrium is the same as that described for 
the open-economy case—unbounded increases in the 
proposed level of provision. If the exchange market is 
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Other cases are. of course possible. For 
example, if tax shares instead of benefit 


shares are equal, if demand in the market . 


equilibrium is inelastic (in the sense that y is 
greater than 2c), and if a majority of voters 
have benefit shares greater than 1/m, then 


the majority-voting equilibrium will exhibit - 


positive public provision, but with less than 
the market level of provision. The general 
problem laid out in the previous section, 


open to imports but closed to exports, and a majority 


of voters have tax shares less than .1/m, then the 
equilibrium is the same as that described for the 
closed-economy case. These two cases moreover lead to 
an important observation. If the exchange market is 
‘ closed to exports solely because of legal prohibitions 
imposed by the collectivity, then the equilibrium de- 
scribed above for the closed-economy case is subject to 
being overturned by a proposal to eliminate.these pro- 
hibitions on resale. 
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therefore, does not lead to the strong results 


` suggested by S-W. Appeals to the Coase 


Theorem provide little support for such 
strong assertions, since the political environ- 
ment being examined is one of majority 
voting with given fiscal institutions. There is 
no direct bargaining or vote trading. 
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The Interpretation of Dummy Variables 
in Semilogarithmic Equations 


By ROBERT HALVORSEN AND RAYMOND PALMQUIST* 


A number of recent articles on dis- 
crimination, education, and income misin- 
terpret the regression of coefficients of some 
variables, and as a result report incorrect 
estimates of their effects. Examples appear- 
ing in this Review include articles by Eric 
Hanushek and John Quigley, David Hart- 
man, Robert Lucas, James Smith and Finis 
Welch, Barry Chiswick, and Emily Hoff- 
man. An analogous error appears in the 
literature on’ hedonic price indexes, in- 
cluding frequently cited articles by Zvi 
Griliches, Jack Triplett, and A. T. Court. 

This common error involves the interpre- 
` tation of the coefficients of dummy vari- 
ables in semilogarithmic regression equa- 
tions. The articles cited above assume that 
the coefficient of a dummy variable, multi- 
plied by 100, is equal to the percentage 
effect of that variable on the variable being 
explained. However, it is easily shown that 
this interpretation, while correct for con- 
` tinuous variables, is not correct for dummy 
variables and can result in substantial errors 
in the reporting of results. 

The general form of the equations esti- 
mated in the articles cited above is 


(1) InY=at+ bX; +5 cD, 
i J 


where the X; represent continuous variables 
and the D, represent dummy variables. The 
coefficient of a continuous variable is 


I t 


Thus the coefficient of a continuous vari- 
able, multiplied by 100, is equal to the per- 


*University of Washington. We are grateful to 
Taylor Dennen and Gerald Glandon for discussion of 
the topic. of this note. 
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centage effect on Y of a small change in 
that variable. 

Since a dummy variable enters the equa- 
tion in dichotomous form, the derivative of 
the dependent variable with respect to the 
dummy variable does not exist. Instead, the 
coefficient of a dummy variable measures 
the discontinuous effect on Y of the pres- 
ence of the factor represented by the 
dummy variable. The appropriate interpre- 
tation of the coefficient of a dummy vari- 
able can be shown directly by a transforma- 
tion of equation (1). . 

For simplicity, it will be assumed that 


‘there is a single dummy variable. Equation 


(1) can then be written as 


(2) ¥=(1+2)°exp(a+ I bx) 


where g is the relative effect on Y of the 
presence of the factor represented by the 
dummy variable.! Thus the coefficient of 
the dummy variable in equation (1) is c= 
In(l +g). The relative effect on Y is g= 
exp(c)—1, and the percentage effect is 
equal to? 


100-g = 100 - {exp(c) — 1} 


The results reported in the studies cited 
above are based on the incorrect assump-’ 
tion that c=g. The relationship between c 
and g when the absolute value of g is less 
than one can be examined by expansion 


Thus g=(Y,— Yo)/Yp where Y, and Y, are the 
values of the dependent variable when the dummy 
variable is equal to one and zero, respectively. 

*When time dummies are used to estimate hedonic 
price indexes, c is equal to the rate of change in price 
which, when continuously compounded, yields g, the 
relative change in price during the period. The value of. 
the price index at the end of the period is equal to exp 
(c), not 1+¢ as assumed in the hedonic studies cited 
above. 
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TABLE 1—RELATIONSHIP BETWEEN DUMMY VARIABLE 
COEFFICIENTS AND RELATIVE EFFECTS 


Coefficient of the 
Dummy Variable Relative Effect 
(c) (g) 
1.50 3.48 
1.25 2.49 
1.00 1.72 
0.75 1.12 
0.50 ° 0.65 
0.25 0.28 
0.00 0.00 
—0.25 — 0.22 
—0,50 —0,39 
—Q,75 . ~~ 0.53 
— 1.00 ~ 0.63 
— 1,25 —0.71 
— 1.50 ~ 0,78 


of c, 


c= In(+g)= 8-5 27+ ze. -|gl<1 
For small values of g, c is approximately 
equal to g. When g is positive, c is smaller 
than g, and when g is negative, c is algebra- 
ically smaller than g but larger in absolute 
value. . 

- Table 1 shows the magnitude of the rela- 


tive change g, implied by selected values for ' 


the coefficient of. the dummy variable c. The 
errors involved in assuming that c is equal 
to g can be substantial for values of c within 
the range estimated in the cited studies. For 
example, Hanushek and Quigley (p. 74) re- 
port that a postgraduate degree increases 
. the wages of a black worker by 64 percent, 
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whereas the correct result implied by their 
regression is 90 percent. 
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Production, Information Costs, and Economic 
Organization: The Buyer Monitoring Case 


By Nancy L. JACOB AND ALFRED N. PAGE* 


In their December 1972 article in this 
Review, Armen Alchian and Harold Dem- 
setz (hereafter, A-D) provide the condi- 
tions which generate the classical capitalistic 
firm.! In such a firm, team production is 
monitored by a residual claimant to the 
firm’s earnings. The monitor measures input 
productivity (the degree of shirking) and 
meters rewards for that productivity. The 
. need for monitoring arises, as in their case 
of two men jointly lifting heavy cargo into 
trucks, because individual marginal produc- 
tivity cannot be determined by observing 
team output. 

The explanatory power of the A-D thesis 
can be increased by noting that the firm is 
composed of a number of such teams, each 
having a readily identifiable physical output 
as well as a relation to demand that is more 
troublesome to measure. The job then for 
the residual claimant is to determine the size 
and makeup of his various teams and to 
monitor his team of teams. Since the moni- 
tor cannot simultaneously watch each 
team’s efforts, and since the nature of each 
team’s work will differ, the residual claimant 
will develop a variety of schemes to aid in 
the monitoring process. This note analyzes 
the economics of a scheme of’ particular 
interest, the utilization of the buyers of the 
firm’s production as monitors. 


I 


The interaction between an employee and 
a buyer can affect the buyer’s demand for 
the production of the rest of the firm’s 
teams. For example, an unpleasant or unin- 
formed salesman can lower the desirability 
of a durable good and a surly waiter can 


*University of Washington. 

'For an analogue to the A-D approach in the agency 
literature, the reader should see Michael Jensen and 
William Meckling. ; ; 
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lower the desirability of a meal. Further- 
more, just as an A-D employee will shirk in 
a factory to maximize private gains if left - 
unmonitored, employees and buyers will 
collude for their own private benefits if left 
unmonitored. Buyers will offer employees 
remuneration in exchange for goods priced 
at less than their full opportunity: costs, and 
employees will agree as long as they do not 
bear those opportunity costs. 

Since every interaction between an em- 
ployee and a buyer is unique, monitoring 
these interactions presents the residual 
claimant with a difficult problem. The resid- 
ual claimant cannot watch over every trans- 
action personally, and accounting and stat- . 
istical tools, being dependent on regularity 
in data, become of limited value in assessing 
this part of an employee’s performance. 
Thus while owners may be able to institute 
systems to minimize employee fraud and - 
absenteeism, owners cannot efficiently ob- 
serve the knowledge, politeness, and de- 
ference which employees exhibit when inter- 
acting with buyers. As a result, an optimiz- 
ing residual claimant may find that it is 
economic to monitor only a portion of such 
an employee’s work. For the remaining por- 
tion, residual claimants will develop tech- 
niques to take advantage of the buyer’s in- 
terest in monitoring employee behavior. . 


H 


We can gain insight into the use of buyer 
monitoring by examining a model of the 
firm. We begin the analysis by making the 
following simplifying assumptions: 

1. The firm produces a single, differen- 
tiated product having two input factors: fac- ` 
tor 1 (a portion of labor input engaged in 
the team production of revenue which inter- 
acts with buyers); and factor 2 (all other 
inputs). Institutionally, factor 1 can be 
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monitored either by the firm’s owners (for 
example, by a residual claimant) or by the 
buyers of the firm’s production, while factor 
2 is monitored solely by the residual claim- 
ant. The markets for factor 1 and factor 2 
are assumed perfect. 

' 2. Buyers and owners have constant, 
though possibly unequal, costs of monitor- 
ing per unit of factor 1 employed by the 
firm. All buyers are viewed, for simplicity, 
as identical to one another. 

3. The productivity of, as well as the 
remuneration received by, the suppliers of 
factor | may depend on the degree of moni- 
toring activity engaged in by owners or 
buyers and on the system of monitoring 
chosen. 

Using these assumptions, the total output 


(Q) of the firm will be governed by the 


quantities of factor 1(X,) and of factor 
2(X,), as well as on the level of monitoring 
activity (ô) chosen by the firm. If the 
owners thus monitor factor 1 and if y repre- 
sents their joint, constant-monitoring cost 
per unit of factor 1, then the firm’s profit 
function can be written as 


(1) t= P-O(X,,X2,5) 


—(W,(8) + y)X1— WX 


where P=the price per unit of output and 
W,,W.=the remuneration paid per unit of 
X, and X,, respectively. Note that in (1) the 
suppliers of factor 1 receive a remuneration 
W, which depends on the level of monitor- 
ing activity the owners engage in. 

If buyers are utilized by owners to moni- 
tor factor 1, and if buyers have constant 
monitoring costs (0) per unit of factor 1, the 
firm’s profit function can be written as 


(2) 
_{ p.. (n+0)X, 
m=(P 7; 


where 4, is the level of monitoring activity 
chosen by the buyers. 

This function reflects the fact that the 
suppliers of factor 1 now are receiving re- 
muneration (7) that is associated with buyer 


eaa Öz) Te WX, 
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monitoring. Depending on institutional con- 
siderations, 7 may be paid either in the form 
of “tips” or “commissions.”? In turn, the 
price per unit of output received by the 
firm, which is available for profits and re- 
turns to other inputs, is reduced by the 
amount of this remuneration as well as by 
buyers’ implicit monitoring costs. 

If a exceeds 7,, the owners will maxi- 
mize profits by delegating monitoring activi- 
ties associated with factor 1 to a residual 
claimant; if the reverse is true, buyers will 
be preferred as monitors. In general, the 
relationship between mo and 7,, and, there- 
fore, the firm’s optimal choice of monitors, 
depends on: 

(a) The extent to which buyers monitor 
more or less effectively than do owners (e., 
the extent to which buyers choose a 8, that 
differs from ô). Since the firm’s output, 
holding X, and X, constant, is a function of 
ô, the effect of differences in monitoring 
effectiveness among owners and buyers may 
be to alter the optimal factor mix as well as 
the optimal price and output decisions of 
the firm. 

(b) The difference in monitoring costs 
between owners and buyers (i.e., the relative 
magnitudes of y and @). The impact of (b) 
can be most clearly seen by supposing that 
buyers and owners choose the same level of 
monitoring activity and that total payments 
to factor 1 per unit of that factor are the 
same no matter who monitors (y= W)). In 
that case, assuming that the firm’s optimal 
price and output decisions are the same 
under both monitoring systems, as one 


2Our search of the traditional economics literature 
turned up only four references to tipping, none of 
which referenced the others or provided an analytical 
model of the practice. S. N. S. Cheung in a footnote 
observed that “‘tipping’ payments (as in the case of 
waitresses) are preferred to other forms [of policing 
employees] when the quality of services are significant” 
(p. 68). Kenneth Brown invited readers to provide an 
explanation of tipping in the “Puzzles and Problems” 
section of the Journal of Political Economy. This section 
was discontinued before an answer appeared. John 
Pencavel recognized that tipping implied that work 
performance is evaluated directly by consumers. David 
Hemenway discusses many of the current institutional 
details’ of tipping. . 
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might expect, the necessary and sufficient 
condition for the optimality of buyer moni- 
toring is 0 <y. Further, if the firm’s optimal 
price and output decisions do depend upon 
the choice of the monitoring system, it must 
a fortiori be true that if 8 <y, buyer moni- 
toring will be preferred:to owner monitoring 
of factor 1. 

Finally, of course, the optimal choice of 
monitoring system depends simultaneously 
on both (a) and (b) and thus depends on the 
elasticity of the firm’s demand curve as well 
as upon its production technology. 


iit 


An implication of the model is that cer- 
tain firms will utilize mixed-monitoring sys- 
tems, that is, systems where both buyers and 
owners are engaged in the supervision of 
employees. Institutional examples are where 
supervisors hired by owners monitor com- 
mission sales clerks, and where waiters are 
monitored and paid by owners as well as 
monitored and tipped. by buyers.? 

Two other testable implications of the 
model are of interest. First, a buyer of the 
team production should not find it in his 
interest to tip an owner of a firm, the resid- 
ual claimant. This implication is completely 
consistent with institutional tipping conven- 
tions, Second, if our extension of the model 
is correct, the practice of tipping and the 
utilization of commissions should have oc- 
curred as long as the A-D firm has existed. 
While the history of tipping is far from 
complete and there is not unanimity even 


3For more specific examples, see U.S. Bureau of 
Labor Statistics. 
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with respect to the origin of the work, there 
is no question that the practice, as defined 
in this paper, has existed as long as the 
capitalistic firm.* With respect to commis- 
sions, their use as a means of payment can 
be traced back to mercantile days. 

In summary, buyer monitoring has been 
and always will be an integral part of the 


_Alchian-Demsetz firm. 


4As just one example from early English literature, 
George Farquhar in his 1707 play, Beaux Strategem, 
wrote, “Then I, Sir, tips me the verger with half-a 


_ crown.” 
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Paglin’s Gini Measure of Inequality: 
A Modification 


By JOHN P. FORMBY AND TERRY G. SEAKS* 


In a recent issue of this Review, Morton 
Paglin made an important contribution to 
the literature on the measurement and trend 
in income inequality. It has long been recog- 
nized that the Lorenz curve and associated 
Gini coefficient (L-Gint) ignores life cycle 
effects on income, and consequently is de- 
ficient as a measure of income inequality.! 
Paglin’s contribution lies in the development 
' of a basic revision of the Lorenz curve from 
which a new Gini measure of inequality is 
constructed. His new line of income equality 
(the P curve) excludes interage inequality. 
Paglin intended the P curve to reflect equal 
lifetime incomes adjusted for the life cycle 
effects inherent in the age-income profile 
(1975, pp. 599-601). Paglin uses the devia- 
tions of the actual income distribution away 
from the P curve to construct the Paglin- 
Gini (P-Gini) which ts used as his measure 
of income inequality. Paglin’s contribution 
is important because he is able to adjust the 
income distribution for the age-income pro- 
file while retaining a single summary 
measure of income inequality. 

A number of comments, criticisms, and 
suggested extensions of Paglin’s work have 
appeared in this Review.” Perhaps the most 
telling criticism is that the P curve does not 
represent a precise adjustment of the in- 
come distribution for the age-income profile 
and the age composition of the population.’ 


*Professor and associate professor, respectively, 
University of North Carolina-Greensboro. 

1James Morgan is emphatic on this point, pp. 
273-75. 

2See the comments by Eric Nelson; William John- 
son; Sheldon Danziger, Robert Haveman, and Eugene 
Smolensky; Joseph Minarik; and C. John Kurien as 
well as Paglin’s reply. 

3Nelson’s and Johnson’s comments both relate to 
this point. Nelson decomposes the Paglin-Gini and 
shows that it does not represent a precise correction of 
life cycle effects. Johnson’s comment shows that the 
P-Gini does not precisely measure the extent of perma- 
nent lifetime income inequality and that Paglin’s Gini 
always underestimates permanent income inequality. 
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Since the age-cohort income distributions 
overlap, the P curve can only be interpreted 
as reflecting an imperfect adjustment of the 
income distribution for life cycle effects. 
However, when compared to the Lorenzian 
line of equality, which ignores all life cycle 
effects, the P curve is a superior base from 
which to measure deviations of the actual 
income distribution from equality. 

In this note we accept Paglin’s contention 
that the P-Gini is an improvement over the 
L-Gini, but argue that he fails to take his 
insight to its logical conclusion. We present 
a modified Paglin-Gini (MP-Gini) which in 
terms of Paglin’s own logic is more defensi- 
ble than the P-Gini. Our MP-Gini, like the 
P-Gini, shows substantial declines in income 
inequality in the United States since 1947. 
However, the MP-Gini suggests a more 


modest decline than does the P-Gini. We 


also show. that the MP-Gini, like the L-Gini 
and unlike the P-Gini, has the conceptually 
desirable property of always varying on the 
0-1 interval. Nelson in his criticism of 
Paglin notes that a problem exists with the 
interval on which the P-Gini varies (p. 498), 
but fails to correctly specify the interval 
over which it does vary. 

The distinction between the L-Gini, the 
P-Gini, and the MP-Gini is made clear by 
reference to Figure 1 which is equivalent to 
Paglin’s Figure IB. The Æ curve is the line 
of absolute equality and the Z curve is the 
standard Lorenz curve. Assuming family in- 
come is equally distributed within an age 
class, Paglin’s P curve is constructed for a 
given year by ranking age groups in ascend- 
ing order by mean incomes and cumulating 
in a fashion analogous to the Lorenz curve. 
Given the parabolic age-income profile and 
the assumption that incomes are equally dis- 
tributed within an age cohort, the P curve 
shows a perfectly equal income distribution. 
Deviations of the Lorenz curve away from 
the P curve reflect income inequality that 
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cannot be traced to the underlying age-in- 
come profile. The area a shows that part of 
the Lorenzian inequality which is traceable 
to the age-income profile. The area £ shows 
the Lorenzian inequality which is not attri- 
butable to the age-income profile. The area 
y can be thought of as the area of equality. 
The standard L-Gini is (a+ 8)/(a+ Bt y).* 
Paglin defines the P-Gini as follows: “The 
Lorenz-Gini minus the age-Gini equals the 
Paglin-Gini” (pp. 600-01). This is equiv- 
alent to defining the P-Gini as B/(a+B+ 
y). The problem with this procedure is that 
the area a reflects the effect of the age-in- 
come profile and presumably has only 
mathematical significance and is thus not 
relevant in measuring income inequality. 
Paglin demonstrates this. Indeed, it is a 
primal point of his paper and the reason he 
discards a in the numerator of the P-Gini. 
However, he has left a in the denominator. 
If a is deleted from the numerator, why 
should it be retained in the denominator? 
There appears to be no strong reason for 
keeping it and some good reasons for dis- 
carding it. 

We define the modified Paglin-Gini by 
removing a in both the numerator and de- 
nominator so that MP-Gini= 6/( 6+ y). 
Figure 1 shows the values of the three Gini 
measures for 1972. The data in Paglin’s 
(1975) Table 3 was used to compute MP- 
Ginis for the period 1947-72. Our Table 1 
shows the annual values of the three Gini 
measures as well as the values of a, 8, and y 
from which they are computed. It is clear 
that the three Gini measures would be equal 
if the value of a were zero. A positive value 
of a leads to the relation: 


(1)  L-Gini>MP-Gini>P-Gini 


By eliminating a completely in the measure- 
ment of inequality, the MP-Gini measures 
the ratio of the deviation of the actual in- 
come distribution from the P reference 
curve relative to the income which could be 


“In the standard Lorenz curve analysis there is of 
course no distinction between a and f. The area a+ 8 
is simply denoted as A, y is labeled B, and the L-Gini is 
A/(A+ B). 
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equally distributed given the age-income pro- 
file. The P-Gini, on the other hand, 
measures the ratio of the deviation of the 
actual income distribution away from the P 
reference curve relative to the income which 
could be equally distributed if the age-income 
profile were perfectly flat. By including a in 
the denominator, the P-Gini understates in- 
come inequality and overstates the decline 
in inequality through time. This is shown 
clearly in Table 1; the P-Gini dropped from 
303 in 1947 to .239 in 1972——a decline of 21 
percent. The MP-Gini decreased from .328 
to .272, indicating a 17 percent drop in 
inequality. To measure the compound rate 
of change in inequality over the period 
1947-72, a least squares semilogarithmic 
growth curve was fitted to the P- and MP- 
Ginis. Inequality as measured by the P-Gini 
was found to be decaying at an annual 
compound rate of 1.0 percent. The MP-Gini 
was decaying at an annual rate of 0.8 per- 
cent. 


>The compounded annual decay rate of the P-Gini 
was 1.044 percent and that of the MP-Gini was 0.839 
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TABLE 1—Tureze DIFFERENT GINIS AND THEIR COMPONENTS: 1947-72 

Year L-Gini P-Gini MP-Gini Q B Y 

(1) (2) (3) (4) (5) (6) | (7) 

1947 378 303 428 375 1515 3110 
1948 369 293 317 380 1465 3155 
1949 379 303 328 380 1515 3105 
1950 375 298 323 385 1490 3125 
1951 361 289 311 . 360 1445 3195 
1952 374 296 321 390 1480 3130 
1953 360 ‘a = ~ ~ —, 

1954 373 289 316 420 1445 3135 
1955 366 278 .305 440 1390 3170 
1956 355 272 297 415 1360 3225 
1957 351 262 .288 445 1310 3245 
1958 354 261 .288 465 | 1305 3230 
1959 366 2716 303 450 1380 3170 
1960 369 278 306 455 1390 3155 
1961 376 286 314 450 1430 3120 
1962 365 265 294 500 1325 3175 
1963 360 262 291 490 1310 3200 
1964 352 256 .283 480 1280 3240 
1965 357 5 — ~ _ ~ 

1966 348 = — m ~ ~ 

1967 355 245 275 $50 1225 3225 
1968 343 233 262 550 1165 3285 
1969 348 233 .263 575 1165 3260 
1970 355 241 272 570 1205 3225 
1971 356 237 269 595 1185 3220 
1972 359 239 272 600 1195 3205 


Source: Columns (2) and (3) come from Paglin (1975, Table 3). The remaining columns were computed based on 


information contained in Paglin’s Table 3. 


If the age-income profile never changed 
(a constant), the P-Gini and MP-Gini 
would decay at the same rate. As is obvious 
from Table 1, a is highly variable and has a 
pronounced upward time trend. Indeed, a 
has far more variability than either £ or y. 
Expressing this variability as a coefficient of 
variation, the respective coefficients for a, 
B, y are .163, .081, and .016. Thus, a has 
twice the variability of 8 and ten times the 
variability of y. The variability of a has 
important implications for the behavior of 
any type of Gini coefficient. The L-Gini is 
not affected by changes in a at all while the 
P-Gini is greatly affected. The MP-Gin1 is 


percent. To test for a statistically significant difference 
in these decay rates, a test on the slopes of the semi- 
logarithmic growth curves was performed. The hy- 
pothesis that the slopes were equal could be rejected at 
the .10 level, but the hypothesis was not rejected at the 
.05 level, 


affected to a lesser degree. Over the period 
1947-72, the mean elasticities with respect 
to a of L-Gini, MP-Gini and P-Gini are 0, 
~.243, and -.346, respectively. 

A particularly interesting and noteworthy 
difference in the three Gini measures is the 
interval upon which they are bounded. As is 
well known, the L-Gini is bounded on the 
interval 0-1. This is true irrespective of the 
cross-sectional age-income profile prevailing 
at a moment in time and irrespective of 
changes in the profile through time. The 
property of being bounded on the 0-1 inter- 
val has certainly contributed to the intuitive 
appeal and widespread use of the L-Gini. 
The MP-Gini is also bounded on the 0-1 
interval. This too is true irrespective of the 
age-income profile. The P-Gini, on the other 
hand, is bounded on the interval 0 and 
B/(a+ B). If B goes to zero, then the P-Gini 
is zero. On the other hand, if 8 expands and 
y goes to zero, then the P-Gini would take 
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on its maximum value of 8/(a+ £). The 
P-Gini could reach a value of 1.0 only if 
a=0. Recall that if a is zero, the P curve is 
the 45 degree line and the P-Gini, MP-Gin1, 
and L-Gini are all equivalent. In practice, as 
Paglin has so ably pointed out, a is never 


zero, hence the P-Gini is not bounded on. 


the 0-1 interval. 

Nelson, in his criticism of Paglin, noted 
a problem with the interval over which 
the P-Gini varies. According to him, “The 
Paglin measure is bounded above by the 
[L-]Gini rather than unity” (p.498). It is true 
that if a=0, the P-Gini equals the L-Gini 
but, as is well known, the L-Gini has an 
upper boundary of unity. The proper way to 
specify the upper boundary of the P-Gini is 
to let 8 expand and y contract to the point 
that y=0. Clearly the upper boundary is 
B/(a+ B). 

The P-Gini compared to the MP-Gini 
does have the characteristic of a constant 
denominator (a+ B+ y) and thus has the 
convenient relation of differing from the 
L-Gini only by the age-Gini. This facilitates 
easy mental comparisons of the P- and L- 
Ginis. However, in our mind, the most im- 
portant thrust of Paglin’s paper is that the P 
curve is the relevant reference curve for 
measuring inequality and that the 45 degree 
line and the area a are not relevant. The use 
of a in the denominator of the P-Gini re- 
sults in a measure which is not bounded on 
the 0-1 interval and which overstates the 
decline of income inequality. Even with 
these shortcomings and taking account of 
earlier criticisms, the P-Gini remains a use- 
ful measure of income inequality. However, 
the MP-Gini is a conceptually superior 
measure.° 
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6In a personal note, Paglin comments: “The few 


longitudinal income studies show the Gini of actual 
lifetime incomes to be about one-third less than Gini 
coefficients based on annual income data. The P-Gini 
approximates the lifetime Gini quite well, and this is 
what it is intended to do. The MP-Gini abstracts from 
the shape of the average age-income profile; the P-Gini 
does not. I believe this gives the P-Gini a useful attri- 


bute.” Also see Paglin’s 1979 “Reply.” 


Conglomerate Power without Market Power: 
The Effects of Conglomeration on 
a Risk-Averse Quantity-Adjusting Firm 


By RALPH M. BRADBURD* 


One of the interesting theoretical ques- 
tions relating to conglomerate firms is 
whether conglomeration .alone, unaccom- 
panied by market power, can have any im- 
pact on firm behavior and market perfor- 
mance. 

Many of those who argue that conglomer- 
ation without market power is behaviorally 
neutral obtain their results by assuming, 
implicitly or explicitly, that the firm maxi- 
mizes profits (see Jesse Markham; Richard 
Miller). Their arguments are quite straight- 
forward: the absence of market power pre- 
cludes profit-maximizing behavior based 
on predatory pricing, mutual forbearance, 
advertising advantages, etc.; and if one 
assumes a pure conglomerate, among whose 
subsidiaries’ products there are no substitu- 
tion or complementarity relations,’ then the 
necessary condition for maximizing overall 
conglomerate profits is to maximize each 
subsidiary’s profits by setting its output to 
the level at which marginal cost.equals price 
—exactly what each subsidiary would have 
done if it were an independent purely com- 
petitive profit-maximizing firm. Thus, if 
one assumes that the firm maximizes total 
profits, conglomeration per se will be be- 
haviorally neutral in the absence of monop- 
oly power. 

Although the above argument is correct 
within the restrictions of its assumptions, 
our basic question is still not satisfactorily 
answered. Pure profit maximization is a 


*Assistant professor of economics, Williams College. 
I would like to thank A. Mead Over, Jr., William 
Starnes, Gordon Winston, and an anonymous referee 
for their helpful suggestions. 

Thus, a change in the output of any one subsidiary 
_ will have no direct effect on the profit of any other 
subsidiary. This allows us to restrict our attention to 
conglomerateness per se. 
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very restrictive assumption, effectively im- 
plying—among other things—that the firm 
either operates in an environment in which 
there is no uncertainty, or that its manage- 
ment is indifferent to risk.2 Such an assump- 
tion seems especially restrictive and inap- 
propriate for modeling the behavior of con- 
glomerate firms, since these firms have 
claimed risk reduction to be a major goal of 
their merger activity (see Harold Geneen). 

The model developed below compares the 
optimal output of a risk-averse single prod- 
uct firm subject to demand uncertainty to 
that of a pure conglomerate subsidiary oper- 
ating in the same market, assuming that the 
single product firm and conglomerate sub- 
sidiary are identically situated within that 
market? (which I shall call the ith product 
market) and that their managements are 
equally risk averse. The results indicate that, 
except in very special circumstances, con- 
glomeration will not be behaviorally neutral 
even if all subsidiaries possess no monopoly 
power at all. 


I. The Single Product Firm 


Assume the existence of a single product 
purely competitive firm whose management 
is unable to predict with complete accuracy 
the market price at which the firm’s output 
will be sold. Assume further that the firm’s 
management is risk averse, that it maximizes 
the expected utility of the firm’s income, 


7A risk-averse firm operating under conditions of 
uncertainty might also maximize expected profits if it 
believed that its actions had no effect on its level of risk 
exposure (see equation (3) below). This is an unlikely 
situation. 

3In terms of size, expected sales, and other factors 
determining sales and profitability. 
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and that it does so by maximizing the cer- 
tainty equivalent of dollar profits 7*, which 
can be written as* 


(1) T* = E(m,) — a02 


where E(az,)=the expected level of profit, 
o2,=the variance of profit, and a= one-half 
the Arrow-Pratt measure of absolute risk 
aversion [— U"($)/U’($)], and represents 
the dollar premium the decisicn maker 
would just be willing to pay to avoid an 
additional dollar of profit variance. 

Let us assume that the purely competitive 
firm’s sole short-run decision variable is its 
level of output q;; that the firm chooses its 
optimal (expected utility-maximizing) out- 
put level in advance of production; and that 
it cannot alter its output level during the 
production period. The optimal output 
level q* is that at which 


(2) dm; _ OE (7;) dor, 
dq; 7 ðq; 








a 2G, =() 


Inspection of (2) reveals that d&(2,)/ 
dg, must be positive (negative) at g,* if 302, / 
dg, is positive (negative), and assuming 
(to satisfy second-order conditions) that 
E(7,(q;)) and 2*(q,) are concave functions at 
their respective maxima, it follows that 


Ja? 
* < mn a 
(3) q; > ar as ðq, < 0 


where g,= the expected-profit-maximizing 
level of q;. To determine the sign of 007,/0q,, 
we must specify the form of the firm’s 


“It can be shown that the maximand of an expected 


utility-maximizing firm can be reduced to (1) when ` 


absolute risk aversion is constant over the relevant 
decision range, end-of-period wealth is equa] to (certain 
and constant) initial wealth plus uncertain profits, and 
the distribution of uncertain outcomes is normal. See 
John Lintner, pp. 238-45. 

>The production period may be defined simply as an 
interval of time over which the firm’s output level is 
fixed. 

6Note that a is positive by definition for a risk- 
averse decision maker. 


JUNE 1980 


profit function and the nature of the uncer- 
tainty to which the firm is subject. 

The single product firm’s dollar profit 
may be written as 


(4) Pq; ~ Cigi 


where P,=the price of the ith product and 
C,= the level of average total cost.’ 

If we assume that the actual price of the 
ith product in any given period is equal to 
some expected price, E(P;), plus a normally 
distributed random term, «, with E(e)=0, 
then 


(5) On = qop = 4,0, 

and it follows that 304 /dq,(=2g,07) is posi- 
tive. Combining this result with that of (3), 
we derive the familiar result that the output 
of a risk-averse competitive firm subject to | 
demand uncertainty (of the variety indi- 
cated above) will be less than the output 
that would maximize expected profit.® 


Il. The Conglomerate Firm 


In this section I lay the groundwork for 
comparing the optimal output levels of the 
conglomerate subsidiary and single product 
firm. As indicated in the introduction, it 
is assumed that the single product firm 
and conglomerate subsidiary are identically 
situated within the ith product market, that 
a change in the output of any given sub- 
sidiary has no direct effect on any other 
subsidiary’s profit, and that the manage- 
ments of the conglomerate subsidiary and 
single product firm are equally risk averse. 
It is further assumed that the conglomer- 
ate’s central management participates in the 
output decisions of the individual sub- 
sidiaries, so that decisions regarding each 
subsidiary’s output reflect that subsidiary’s 
potential contribution to the conglomerate’s 


7We assume that C, is a determinate function of q; 
and that 0C, /dq, is positive. 

8See Ira Horowitz (chs. 8, 12, 13) for a very lucid 
exposition of several alternative models of the firm 
under uncertainty which arrive at this same result. 
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overall profit/risk position. Finally, to facil- 
itate comparison with the single product 
firm, assume that when the conglomerate 
management determines the ith subsidiary’s 
optimal output, it views the output levels of 
all other subsidiaries as given. 

Like the single product firm, the con- 
glomerate management attempts to maxi- 
mize the expected utility of the firm’s 
income, and must therefore maximize the 
certainty equivalent of the conglomerate’s 
overall profits, or maximimize 


(6) 1h = E(mp)— a0;, 


where m$ =the certainty equivalent of the 
conglomerate’s total dollar profit, E(7p)= 
the conglomerate’ s total expected profit, 
and 07, =the variance of total conglomerate 
profit. 

When determining the optimal output 
level of the ith subsidiary, the conglomerate 
is assumed to view the output levels of the 
other subsidiaries as given. Thus, q, is the 


sole decision variable, and must be set to - 


the level which maximizes 7%. The optimal 
output level of the ith subsidiary gf is there- 
fore that at which 

dr OE(tp) 307 
ðq; g dq; ü 0g; 





(7) 


We will derive the relative levels of the 
single product and conglomerate firms’ opti- 
mal output levels from differences in their 
first-order conditions for maximizing ex- 
pected utility. But before we can do so, we 
must specify more completely the terms 
which enter into the conglomerate’s cer- 
tainty equivalent of profit. 

The conglomerate’s total dollar profit mp 
is by definition the sum of all the individual 
subsidiaries’ profits, or 


n 
(8) S > T; 
j=l 


where z,=the jth subsidiary’s profit. Be- 
cause we are focusing on the ith subsidiary, 
we rewrite (8) as 


(9) Tp =; + Te 


BRADBURD: CONGLOMERATE POWER 485 


where z;=the ith subsidiary’s profit, and 
Tc =the combined profits of all subsidiaries 
other than the ith. 

If 7, and ro are both subject to random 
variation, the variance of total conglomerate 
profits may be written as 


(10) a2 = oF +07 +2 — To) 
= o; + On + 29;.0y, 


where ` op = the variance of total con- 
glomerate profits, o2, =the variance of 7,, 
a2, =the variance of the ith subsidiary’s 
profit, cov(7 „n. )=the covariance of 7, and 
7,, and p,,=the coefficient of correlation 
between 7, and 7,. 

It will be useful to digress momentarily to 
discuss the meaning of p,.. Given our 
assumption that no substitution or com- 
plementarity relations exist between the 
conglomerate subsidiaries’ products, and 
thus that changes in g, have no causal effect 
on any 7,, it might appear that p; should be 
zero. However, if we view the profits of the 
various subsidiaries as being powerfully 
affected in either a similar or dissimilar 
fashion by exogenous forces——the fluctua- 
tion of the business cycle being the prime 
example—it becomes apparent that p; can 
readily assume a nonzero value. Thus, the 
profits of caviar-producing subsidiary i and 
the fine-watch-producing subsidiary j may 
be positively correlated, because both pro- 
duce superior goods, even though a change 
in the price or output of the one will have 
no effect on the profits of the other. In 
principle, p; is easily obtainable. Assuming 
that past information provides a reasonable 
guide to the immediate future, one can ob- 
tain its value from time-series data on the 
individual subsidiaries’ profits. Even if not 
publicly available, this information is acces- 
sible to the firm’s management. 


HI. Comparing the Firms’ First-Order 
Conditions 


I have explicitly assumed that a change in 
the output of the ith subsidiary will have no 


Because 7,(g,) is identical for both the single prod- 
uct fim and conglomerate subsidiary, we use the same 
term 7; to denote either firm’s profit. 
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effect on the expected profit of any other 
subsidiary, so that dE(7,)/dq,=0. It has 
-also been assumed that within the confines 
of the ith market, the single product firm 
and conglomerate subsidiary are identically 
. Situated. It follows that 

dq; ðq; 





Substituting (11), into (7), we may rewrite 
the conglomerate’s first-order conditions as 


ant aE doz 
az 2 ÎE) i 9 
dq; ðq; ðq; 





A comparison of (12) and (7) shows that 
any differences between the firms’ first- 


order conditions with respect to g,—and © 


therefore between their respective optimal 
levels of g,—must derive from differences in 
the effects of changes in q, on their levels of 
profit variance. (Note that managerial risk 
aversion is equal by assumption.) 

Taking the partial | derivative of o2, with 
respect to q;, we find’? 





; doz, l doz 5 do, 
(13) aa, ag + Pie. Og, 


Our assumptions concerning the nature of 


the demand uncertainty faced by the firms 


ensure that d07,/dqg, and thus d0,,/0q, are 
positive. It follows that 


. 0, 
(14) 2 as 
: 


Thus, increases in q; will cause the con- 
glomerate firm’s profit variance to increase 
by more than the single product firm’s if 7, 
and 7, are positively correlated, and to in- 
crease by less if m; and m, are negatively 
‘correlated. 


10Because changes in q; have no direct effect on any 
other subsidiary’ s profits, 007, /8q, also equals zero. 
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FIGURE 1, OPTIMAL OUTPUT LEVELS 
The derivative of the conglomerate’s maximand at 
the single product firm’s optimal output level de- 
termines the relative levels of the firms’ optimal output 
levels. 


IV. Deriving the Relative Values of the Firms’ 
Optimal Prices from Differences 
in their First-Order Conditions 


Stability conditions require that rž be a 


concave function at its maximum. It follows 
that }! 


re 
TD >0 


ð 
* Z q* as -> * 
Dy Abe eee ee 


(See Figure 1 for the case of gf >q}*.) 














. We know that at q, 
Ont OE doz 
ao Sa a 
ðq; ðq; 0q; 
2 2 
po Clm z Cn 
0g; < 0g; 
dat Elm) 902 
P OP a a DS * 
aea ðq dq : ðq; soat al 
and it follows from (15) that 
3o? o2 
17 4 > y* LL 
(17) Ip = 4 as aq, > ðq, 


"It is assumed that the local maximum of 7$(q;) in 
the neighborhood of +*(g¢7) is the global maximum. 
'2See equation (12) and its derivation. 
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Combining this result with (14), we find that 


* 2 g* oe 
(18) qb = qi as Pic = 0 


That is, assuming that increasing output will 
cause profit variance to increase, the opti- 
mal output level of the conglomerate sub- 
sidiary will be greater than that of the single 
product firm if v, the ith subsidiary’s prof- 
its, are negatively correlated with the com- 
bined profits of the conglomerate’s other 
subsidiaries, 7,; and less than that of the 
single product firm if 7, and 7, are positively 
correlated. 

This result has a simple intuitive explana- 
tion. To maximize their respective certainty 
equivalents of profit, both firms adjust their 
output of g, until the marginal cost of re- 
duced expected profit equals the marginal 
benefit of reduced profit variance. Our 
assumptions that the firms are identically 
situated within the ith market and that their 
managements are equally risk averse ensure 
that both firms experience equal reductions 
in expected profit as q; is reduced from the 
(expected), profit-maximizing level, and 
also that both would place equal dollar 
value on any given marginal reduction in 
profit variance. 

If p is positive (negative), any given re- 
duction in q; will cause the conglomerate’s 
profit variance to fall by more (less) than 
that of the single product firm, and its opti- 
mal reduction in q; from the profit-maximiz- 
ing level is therefore larger (smaller). Within 
the framework of our model, the optimal 
output level of the conglomerate subsidiary 
will only coincide with that of the single 
product firm if the coefficient of correlation 
between the profits of the ith subsidiary and 
the combined profits of the conglomerate’s 
other subsidiaries is exactly equal to zero." 


13] have assumed that d02,/dg, and 402,/dgqi are 
positive, and that both firms must therefore reduce q, 
below g, to maximize their respective certainty equiv- 
alents of profits. 

If the level of managerial risk aversion of the 
single product firm is a, while that of the conglomerate 
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YV. Conclusions 


The model developed in this essay 
compares the optimal output level of a 
risk-averse single product competitive firm 
facing uncertain demand to that of a con-. 
glomerate identical in every respect save 
that the latter is a subsidiary of a “parent” 
conglomerate. The results of the model 
demonstrate that if firms’ managements are 
risk averse, and if the output decisions for 
each conglomerate subsidiary reflect that 
subsidiary’s potential contribution to the 
conglomerate’s overall profit/risk position, 
then in general, conglomeration will not be 
behaviorally neutral even when all sub- 
sidiaries possess no monopoly power at all. 
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subsidiary is ap, it can be shown that 


< > a; Oor 
D = qj fe <\a@p 


For a more complete treatment, see my dissertation. 


A Note on the Representation of Preferences 
in the Lindahl-Johansen Diagram 


By GEOFFREY PHILPOTTS* 


While much of the popularity of the Lin- 
dahl diagram undoubtedly arises from its 
ability to represent some rather complex 
relationships within a simple two-dimen- 
sional framework, the diagram and its ex- 
tensions would appear to be somewhat 
prone to representational problems. Leif 
Johansen, for example, has questioned the 
appropriateness of an interpretation offered 
by Richard Musgrave (p. 76) whereby the 
familiar intersecting curves are taken to in- 
dicate the percentage of the cost of a public 
good that an individual would be willing to 
pay at various output levels, in contrast to 
the output preferred at various cost-share 
levels. In questioning the validity of such an 
interpretation, however, Johansen would 
also appear to have added some complica- 
tions of his own by suggesting that this 
willing-to-pay concept would “...corre- 
spond to that indifference curve of person A 
which passes through the origin of the dia- 
gram (if such a curve does meaningfully 
exist)” (p. 350). Certainly a reflection of this 
idea in a recent reproduction of the diagram 
by Dennis Mueller (p. 400) does seem to 
create some difficulties. The object of this 
note, therefore, is to attempt to further 


clarify and extend some of the properties. 


associated with the diagram. 

While it is not fully clear as to why the 
intersecting curves were given such a promi- 
nent position within the apparently general 
bargaining context of Lindahl’s original 
political decision model, a somewhat strong- 
er case for their role in the determination of 
public decisions can perhaps be made 
within the more restricted environment sug- 
gested as a possibility by Johansen, in which 
annual decisions concerning public expendi- 
tures and the amount of taxes are envi- 
sioned as being agreed to by parties A and 


*University of Calgary. 
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B subject to an existing (longer-term) tax 
structure, rather than both the level and 
distribution of taxes being simultaneously 
determined. Within this framework, the D, 
and D, curves of Figure 1 can indicate the 
most preferred public output levels of the 
participants at given tax-share rates, and the 
lower output (leftward) segments of these 
curves could then indicate the solution pos- 
sibilities that would be attainable before 
mutual agreement breaks down between A 
and B as possible increases in expenditure 
are considered. Any specific solutions in this 
model would be dependent on the nature of 
the existing tax structure, and this can be 
assumed to somehow reflect and be respon- 
sive to the power of the participants. One 
solution that naturally invites special atten- 
tion is the configuration of output and tax- 
share levels associated with the point of 
intersection L, which possesses the interest- 
ing property of enabling the output desires 
of both individuals to be simultaneously 
satisfied at the given tax-share rates. Few 
analysts, however, would appear prepared 
to follow Lindahl in his ascribing ethical 
significance to such a solution provided that 
an initial “just private distribution” had 
been previously attained. On the other 
hand, there may exist some temptation to 
occasionally assign rather too much signifi- 
cance to the intersection point regardless of 
the initial (or final) distribution, and there 
would not in general appear grounds for 
believing that a given “Lindahl-type” solu- 
tion L would necessarily possess particularly 
desirable total welfare attributes, or be a 
particularly likely result in a general politi- 
cal bargaining context, or even be of great 
significance in resolving interparty conflict 
in view of the considerable leeway that re- 
mains for possible differences of opinion 
over the appropriateness of the tax-share 
levels themselves. 


VOL. 70 NO. 3 
0 100 
I t 
go ! 
TAX ' 
T PD ' 
A BB ! 
X 1 1 
S ' I 
H l ' 
A 1 t 
R 1 ' 
E I 1 
Š | QOF 
TAX 
~ PAID 
~ BYA 
I 1 
100 0 


PHILPOTTS: LINDAHL-JOHANSEN DIAGRAM 489 





PUBLIC GOOD 


FIGURE | 


A considerable strengthening of the ana- 
lytical properties of the simple intersecting 
curve diagram can of course be attained by 
explicitly introducing further preference in- 
formation into it in the form of indifference 
curves. Figure 2 reproduces a Johansen-type 
source diagram for individual 4, with a lin- 
ear transformation function being assumed 
between private and public goods as indi- 
cated by the line R, Y, and with OR, repre- 
senting A’s initial endowment of the private 
good. As A’s cost-shares decrease, which is 
indicated in this diagram by the pivoting 
price rays R,E and R,Z, a share-consump- 
tion curve Dj, can be generated that is 
equivalent to the Lindahl D, curve in Fig- 
ure 1. In addition, by noting where the 
indifference curves intersect the various 
price rays (such as the points 1 and 2 on the 
Lindahl tax-share ray RZ, and the point 3 
on the equal tax-share ray R, E), it is possi- 
ble to map these points onto the appropriate 
horizontal tax-share lines in Figure 1 and 
thereby generate the augmented Lindahl- 
Johansen diagram. 


Within this framework the points of 
tangency (as represented here by the trun- 
cated segment C’C) between A’s indif- 
ference curves and a similar but inverted set 
for individual B can then indicate the set of 
Pareto-optimal configurations whose signifi- 
cance has been emphasized in the general 
public expenditure analyses of Paul Samuel- 
son. While this representation indicates that 
a Lindahl-type solution will be a member of 
this Pareto optimal group, it also serves to 
illustrate that any of the other members of 
this set would also appear capable of simul- 
taneously satisfying both participants as re- 
gards the level of public output if the ap- 
propriate marginal costs (expressed here in 
terms of changing tax-share rates) were to 
be imposed, or at least accepted by A and 
B, and that any of these Pareto optimal 
solutions would also appear capable of rep- 
resenting the most socially desirable config- 
uration (in terms of realized utility levels), 
regardless of the nature of any particular 
analytical pricing considerations that might 
be applied to this nonmarket environment. 
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As further indicated by Samuelson (p. 105) 
and others, the coincidence of a Lindahl- 
type solution with a social optimum could 
be attained, if this were in fact desired (and 
if such a social optimum were known), by 
the appropriate relocation of the Lindahl- 
type solution through lump sum redistribu- 
tions of the private good, although this 
property is perhaps not reflected clearly 
within this diagrammatic framework. 

Of course, a great variety of alternate 
institutional arrangements and assumptions 
can be readily explored within these bounds, 
as for example the type of voting models 
recently discussed by Dennis Mueller. One 
possibility along these lines, that creates a 
version of the prisoner’s dilemma from a 
modification of the Lindahl analysis, can be 
produced by introducing the assumptions 
that A and B indicate their rankings of 
the possible output levels at given tax- 
share rates (possibly through some voting 
mechanism) and agree to proceed only if 
they indicate agreement as to the best out- 
put level. If both of them were honest then 
they should produce the solution L, but if 
one or both tried to secure some free-rider 
advantage by understating their true prefer- 
ences, then at least one and possibly both 
could be made worse off than they would 
have been in the jointly honest situation, 
(perhaps ending at J, or possibly at K if A 
were honest and B were well informed and 
- optimally dishonest). 

Another example of a rather different 
type of decision procedure involves a more 
arbitrary iterative movement from the initial 
situation with no public good to some final 
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solution by a series of steps that are each 
indicated to be mutually satisfactory by A 
and B, and which are proposed by an im- 
partial observer. While the ultimate solution 
to such a process would tend to be some- 
what indeterminate, it would appear restrict- 
able to Pareto optimal points if both indi- 
viduals were honest, or at least honest in the 
final steps, and in any event it should not be 
Pareto inferior to the initial private goods 
position whether they were honest or not. 
One characterization of this set of Pareto- 
preferred solutions, which would appear to 
be in accord with Johansen’s comments on 
the willing-to-pay concept, is produced by 
taking indifference curves similar to 4, and 
B, in Figure | as corresponding to the util- 
ity levels of individuals A and B that would 
prevail in the absence of any public good. 
The eye formed by the intersection of these 
curves would then indicate the set of points 
that are Pareto preferred to the initial situa- 
tion, and the line C’C would correspond to 
the locus of Pareto optimal points within 
this set. 

The problem with this representation, 
however, is that under conventional as- 
sumptions if any indifference curve for A 


_ were to attain a maximum (or a minimum 


for B) at some positive level of the public 
good in the Lindahl-Johansen diagram, then 
it could never intersect the vertical axis; or 
in terms of Johansen’s source diagram (Fig- 
ure 2) given the usual convexity assump- 
tions, if any indifference curve attains a 
tangency on some price line in the interior 
of this space, then it could not pass through 
individual A’s initial private distribution 
point R,. 

While this consideration would invalidate 
indifference curves with the properties ex- 
hibited by A, and B, in Figure 1, it is clear 
that some representation should be possible 
of the set of points that are Pareto preferred 
to a situation in which no public good is 
being provided, and the dashed lines 4, and 
B, in Figure 3, would appear to be an 
appropriate pair of indifference curves for 
this task. To generate these curves the J,, 
indifference curve in the commodity space 
of Figure 2, which includes the no-public- 
production point R,, is transformed into the 
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A, curve in the public good /tax-share space 
of Figure 3, with, for example, the levels of 
the public good that are associated with the 
intersection of J,, and the tax-share lines 
R,Y and R,Z being indicated by T and V, 
respectively, in both diagrams. The maxi- 
' mum price that an individual could pay for 
some supply of the public good without 
incurring a welfare loss, may, at least for 
low levels of provision, actually exceed the 
cost of the public good, and such a price 
(RX in Figure 2) for the first marginal unit 
yields a positioning of the point 0, in Figure 
3 at a tax share for A that is in excess of 100 
percent, although situations in which 0, 
could occur at less than 100 percent would 
be possible if A did not want any of the 
public good unless he could get it at a less 


than full-cost price. (If any social decision 
about the supply of the public good actually 
involved tax shares in excess of 100 or less 
than 0 percent, then this might be interpre- 
ted, if no budget imbalance were allowed, as 
a decision that also involves some redis- 
tribution of the private good between A 
and B.) 

The full set of points on the A, and B, 
indifference curves can therefore be seen to 
indicate the maximum amounts of the pub- 
lic good that could be provided at given 
tax-share rates to which the respective indi- 
viduals would be indifferent in comparison 
with the no-public-good situation (the verti- 
cal axis). These points would therefore also 
indicate the maximum tax burden that an 
individual would be willing to bear at any 
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given level of public output if it were a 
choice between this level of output or no 
public output at all, and these curves could 
therefore be taken as a representation of 
the willing-to-pay. concept. The individuals’ 
most desired levels of the public good at any 
given tax-share rates would of course be 
indicated by points that lie inside these 
curves, and these would correspond to the 
points of tangency of the respective indif- 
ference curves with the horizontal tax-share 
lines, as shown by the dashed D, and D, 
loci. 

Finally, it may be observed that while the 
truncated eye formed by the curves A, and 
B, would delineate the set of points that are 
Pareto preferred to a situation devoid of any 
public good, it. would seem that such 
boundaries might not be of particular rele- 
vance to the participants in a noncoercive 
society. Rather, it could be expected that in 


the type of situation represented in Figure 3, © 
where both participants would appear pre- 


pared to obtain some private supply of the 
public good at a full-cost price rather than 
go without, their interest would tend to 
center on those social agreements. that 
would represent improvements over the best 
situations that they could attain on their 
own. The relevant indifference curves would 
then be A* and B*, which are tangent to the 
horizontal private opportunity lines for A 
and B at Q, and Qp, respectively, and these 
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curves might be interpreted here as indicat- 
ing the upper limit to the individuals’: 
willingness to pay under some collective 
public provision arrangement, with the line 
C*C* now indicating the possible Pareto 
optimal solutions within these bounds. The 
exact configuration of taxes and public 
good output that might be attained in a 
given social situation will of course depend 
on the preferences and strategic behavior of 
the participants and the nature of the in-. 
stitutional environment in which they 
operate. — 
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Measuring the Expected Real Rate of Interest— 
An Exploration of Macroeconomic Alternatives: 
Comment 


By JOHN J. MERRICK, JR.* 


In an article recently published in this 
Review, J. Walter Elliott developed a struc- 
tural approach to measuring the expected 
real rate of interest under the assumption 
that expectations are formed rationally in 
the sense of John Muth. Elliott’s avowed 
strategy was, first, to search over alternative 
macro-economic models to identify the 
“relevant” theory for explaining real rate 
fluctuations, and second, to solve for this 
relevant theory’s prediction of the real inter- 
est rate which, according to Muth, equals 
the market’s expected real rate. In Elliotts 
heuristic characterization of the model- 
identification process, the relevant model is 
the one which forecasts the ex post real rate 
with the minimum prediction error. By com- 
bining two “structural” macro-economic 
models, neo-Keynesian and loanable funds, 
with two explanations of inflationary ex- 
pectations, Elliott produces four specifica- 
tions over which to “explore.” The “best” 
measure of the expected real rate of interest 
is the one generated by the most predictive- 
efficient model of the four alternatives. 

Elliott’s work addresses the question of 
uncertainty over model selection under the 


Muthian premise that market agents judge’ 


alternative models on their efficiency in 
forecasting the variable of interest. Informa- 
tion is scarce, agents use it economically, 
and any correctable forecast biases are cor- 
rected. In the limit, the best model is the 
true model. However, though the Elliott 
paper starts from a firm Muthian base, it 
quickly develops an internal contradiction 
once the “exploration” process begins. The 
fundamental flaw is a failure to properly in- 
corporate a second Muthian premise which 
requires that expectations be modelled as if 


*Graduate student, Brown University. I am grateful 
to Robert King, William Poole, the managing editor, 
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(16) 


the agents understood the economic process 
by which the phenomenon to be forecast 
evolved and based their predictions upon 
the distribution of outcomes as generated by 
the actual process. Thus, to ferret out the 
expression for “rationally formed” expecta- 
tions of inflation one must look to the struc- 
ture of the “true” macro-economic model 
for the process generating inflation. If the 
structural model properly specifies the infla- 
tion process, the rational expectations hy- 
pothesis will be sufficient to yield the re- 
duced-form solution for expected inflation. 

In Elliott’s paper “rational” market 
agents are assumed to form their expecta- 
tions on the basis of two alternative specifi- 
cations for inflation: the monetary hypothe- 
sis and the wages hypothesis. These two 
theories of the inflation process are devel- 
oped independently of the forces generating 
price level growth in either of Elliott’s two 
structural models. The monetary hypothesis 
is based upon assumptions that the equi- 
librium price level is proportional to the 
nominal money stock, that actual prices 
adjust toward equilibrium through a partial 
adjustment mechanism, and that the money 
stock one period ahead is proportional to 
the currently observed money stock. Given 
these three assumptions, the expected value 
of the current inflation rate conditioned on 
information currently available is expressed 
by Elliott’s equation (16) as a distributed lag 
on past money stocks. 


Monetary Hypothesis 


Le 2) 
iw =O > HM, Fey 

į == 
Elliott’s wages hypothesis is derived from a 
Walrasian-type labor market adjustment 
mechanism, an autoregressive model of 
money wage rate fluctuations, and a distrib- 
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uted-lag model of real wage movements that 
incorporates growth in the equilibrium real 
wage. The conditional expected value of the 
current inflation rate is then given by 
Elliotts (34). 


Wages Hypothesis 
Lv) 
(34) w= 2 y:(log W, -i log W pai) 
i=0 


+ p| log(W/PX] 


on 


~ > y| log(W/PX-:—log(W/P)h-i-1] 


jx 


where W, P, and (W/PYF are the levels of 
money wages, prices, and equilibrium real 
wages, respectively. 

The point I would like to stress is that 
neither of Elliott’s equations, (16) nor (34), 
is the general rational expectations solution 
for the expected rate of inflation given 
either of Elliott’s structural models. This 
point is somewhat self-evident since no ref- 
erence was made to either the neo-Keynes- 
ian or loanable funds models in the deriva- 
tions of (16) and (34). In effect, Elliott’s 
rational agents use expectations functions 
which are logically independent of those 
implied by his structural models under 
the rational expectations hypothesis. Since 
Elliott’s inflationary expectations equations 
are not those generated by the two struc- 


tural models in question, the expectations. 


variables included in his expected real inter- 
est rate regressions are misspecified. Thus, 
Elliott’s measures of the expected real rate 
of interest are not derived from rational 
expectations considerations.! In fact, Elliott 
himself provides the statistical evidence 
needed to reject the supposed “rationality” 
of his most efficient expected real rate 


This dichotomy between the structure and the in- 
flationary expectations function is even more curious 
when one considers that after forming predictions 
about the inflation rate without reference to the infor- 
mational content of the structure, a structural equation 
is used to generate estimates of the market’s expecta- 
tion of the real rate of interest. 
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measure. Equation (D) of his Table 4 shows 
that there is a systematic relationship be- 
tween the current real rate prediction error 
and the previous period’s ex post inflation 
rate. According to that equation, the lagged 
inflation rate explains 25 percent of the 
variation in the current real rate forecast 
error. Since the lagged inflation rate is 
assumed to be part of the information set at 
the time current real rate expectations are 
formed, Elliott’s rational prediction measure 
violates the most fundamental precept of 
Muthian rationality: no easily correctable 
forecast bias can be allowed to persist. 

Moreover, Elliott’s dichotomy between 
expectations and structure causes problems 
in his neo-Keynesian/monetary model that 
extend beyond its lack of Muthian rational- 
ity. After adding his monetary equation for 
expected inflation (16) to the neo-Keynesian 
block to determine the expected real rate of 
interest, Elliott is left with a model that in 
the general case is internally inconsistent. 
Given values for the exogenous variables 
and the current state of expectations, the 
model implies a market-clearing equilibrium 
price level. Note that the monetary balance 
condition (Elliott’s equation (5)) requires the 
difference of the logarithms of the money 
stock and the equilibrium price level to 
equal ci y,+c,r,+03,. Yet, in deriving (16) 
Elliott assumed this difference to be con- 
stant over time. Therefore, unless c, y + cr, 
+v,, was constant throughout his entire 
sample period—and there is no reason to 
suppose that this was the case—-Elliott’s 
model breaks down. While an internally 
consistent macro-economic model need not 
incorporate rational expectations, the incon- 
sistency of the neo-Keynesian/monetary 
model is due directly to its lack of Muthian 
rationality. 

In general, the problem of measuring the 
“rationally expected” real rate of interest 
using a structural approach is not as simple 
as Elliott’s misuse of the rational expecta- 
tions hypothesis makes it appear. Consider 
Elliott’s neo-Keynesian model in this re- 
gard. The rational expectations solution for 
the current expected rate of inflation in this 
model depends crucially upon the agents’ 
forecasts of future changes in the model’s 
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exogenous variables 
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where ,7*=E[p,,,—p,], the G, and h are 
combinations of structural parameters from 


the reduced-form equilibrium price level so- 


lution (A< 1), X, is a combination of struc- 
tural parameters and the three stochastic 
terms, and the starred variables represent 
the market expectations of the variables 
defined by Elliott. The “forecast up-date” 
term [,Pfi.;—1-1Pf+;} can also be expressed 
as a linear combination of the revisions in 
the expectations of future exogenous vari- 
ables resulting from the new information 
accruing in time t.” 


“Actually, the inflation forecasting problem in 
Elliott’s model is really that of predicting the next 
period’s price level since the market’s information set is 
assumed to include the current value of the price level. 
In this case, the solution would involve only the ex- 
pected stocks of the exogenous variables and the cur- 
rent price level and would not include the forecast 
update term (Piri 1-1 P tei)» 
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For a discussion of the nature of “forward-looking” 
solutions and the terminal condition imposed see 
Thomas Sargent and Neil Wallace. 
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Obviously, this type of solution does not 
yield itself very easily to empirical study. To 
make the model empirically operational, 
some assumptions must be made about the 
way in which the market predicts future 
values of the money supply, capacity out- 
put, government spending, and the three 
disturbance terms. The natural assumption 
would be to hold that the market also forms 
its expectations of these variables rationally, 
but this would require a complete char- 
acterization of the actual processes govern- 
ing the future fluctuations of these variables. 

One way to bridge the gap between the 
forward-looking solution and the current 
data base would be to specify the exogenous 
variables as conforming to pure autoregres- 
sive time-series processes.’ By the chain rule 
of forecasting, the forward-looking solution 
for expected inflation could be expressed in 
terms of current and lagged values of the 
exogenous variables, the number of lags de- 
pending upon the order of the autoregres- 
sive process assumed to be driving each 
variable 
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As the “proper” determinants of expected 
inflation these current and lagged exoge- 
nous variables must be included in the neo- 
Keynesian model’s expected real interest 
rate regression. Elliotts original two-stage 
least squares (2SLS) approach would be 
“corrected” by adding the appropriate pre- 
specified number of lagged exogenous vari- 
ables to his original first-stage regression of 
real output on the current values of the 
exogenous variables to determine the proper 


Robert Barro utilized a specific structural model of 
the money supply rule to derive a “prediction” equa- 
tion for the monetary growth rate to gemerate a 
measure of “anticipated” money growth. In a forward- 
looking context, however, such a structural approach 
would only serve to expand the present model unless 
forecasts of all of the “new” forcing variables could be 
tied to the current data base. 
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y,. It is crucial to note that the appropriate 
number of lags for each variable in the y, 
equation should be determined indepen- 
dently since the lagged values enter the 
model only through their use in predicting 
their own future values.*° 

The simple result that rational infla- 
tionary expectations depend on present and 
past values of the exogenous variables 
comes about because of the autoregressive 
rules used to forecast future values of those 
variables. This in no way lends support to 
using such schemes in a naive fashion. To 
highlight this point, consider the case in 
which the Federal Reserve announces that 
henceforth it will maintain a specified con- 
stant monetary growth rate. If market par- 
ticipants believe that the Fed will carry out 
its announced intentions, they would be “ir- 
rational” to continue forecasting the money 


4Although Elliott chose to use 2SLS to generate-the 
expected real rate series from his aggregate demand 
schedule, the series could be generated directly from 
the reduced-form representation. With the appropriate 
grouping of parameters the equation would take the 
following form 
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where the ex post real rate is substituted for p, and the 
predicted values p, are interpreted as expected real 
rates. 

>One significant problem to be faced is that the X,_, 
(r=0,...,44), the linear combination of disturbance 
terms, are unobservable and must be excluded from the 
regression. The exclusion of relevant variables from a 
regression is a standard econometric problem. The 
estimated coefficients will be biased to the extent that 
the excluded and included variables are correlated. For 
present purposes, the exclusion of the X,_., yields no 
immediate problem on this account. The difficulty oc- 
curs if the X,_, are not correlated with the included 
variables. In this case, the contribution of the X,_, 
would be picked up solely by the residual. As is most 
clearly shown by the reduced-form representation in fn. 
4, the exclusion of the X,_, would complicate the 
overall problem of measuring the’ expected real rate. It 
is also of interest to note that at least one component of 
X,_,, the supply-side disturbance v, ,, must show sub- 
stantial positive serial correlation to account for the 
“business cycle” since Elliott’s neo-Keynesian specifi- 
cation does not allow for “persistence” effects. 


JUNE 1980 


supply according to the outdated autore- 
gressive formula. Inflationary expectations, 
which depend on monetary growth expecta- 
tions, would also be altered. Past money 
stock information would then be irrelevant 
to the forecasting process.° 

By coincidence, if one is willing to make 
the autoregressive assumptions discussed 
above, Elliott’s monetary equation (16) 
would take the same form as the “proper” 
rational expectations solution for the ex- 
pected inflation rate for the neo-Keynesian 
model. Yet, even in this special case, 
Elliott’s inflationary expectations function 
would constrain the coefficients on all of 
the nonmonetary variables to equal zero.’ 
However, in light of this coincidence, one 
can readily understand why Elliott’s neo- 
Keynesian/monetary model outperforms 
the neo-Keynesian /wages variant in predic- 
ting the ex post real interest rate. This oc- 
curs because the monetary model is a dis- 
tant cousin to the true model, whereas the 
wages model is not a family member. As 
such, the monetary model cannot be statisti- 
cally bested by the wages model under the 
joint null hypothesis of rational expectations 
and the “true” neo-Keynesian structure.® 
Thus, Elliott’s comparison of the prediction 
results of the two models is not statistically 
meaningful.’ 


‘Within Elliott’s rational framework, a credible Fed 
announcement of a new policy, effective a year from 
now, would not change current inflationary expecta- 
tions. Expectations about the rate of inflation would 
continue to be formed through his equation (16) on the 
basis of past money stock data. Certainly, this is a 
somewhat inverted view of a rational expectations hy- 
pothesis (REH) world: new information is ignored and 
old information is incorporated. The source of this 
paradoxical result is Elliott’s misuse of the REH in 
deriving (16). 

TIt is certainly plausible that the nonmonetary vari- 
ables could fail to add significant explanatory power 
for the rate of inflation to the set of monetary vari- 
ables. However, coefficient restrictions of this type are 
open to explicit statistical tests. 

ŝOne qualification should be mentioned. The wages 
model could possibly predict the inflation rate and real 
interest rate better than the monetary model if lagged 
wages forecast future values of the exogenous variables . 
better than autoregressions. 

9Of course, such a comparison would be meaningful 
if it showed that the wages model outperformed the 
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There is no rationality to Elliott’s mixing 
and matching of expectations functions and 
structural models. The correct exploration 
strategy would have compared the real rate 
predictive efficiency of alternative structural 
models after having imposed the rational 
expectations hypothesis upon those models’ 
` reduced-form expressions for the current 
rate of inflation. In general, much stronger 
assumptions than those Elliott uses about 
how market agents forecast must be in- 
troduced to make such an exploration 
meaningful. This is not to state that the 
“true” rationally expected real interest rate 
series does not have the same nonconstant, 
noncyclical properties reported by Elliott; 
-only that, as presented, his findings cannot 
-be supported by claims of “rationality.” 


monetary model. This would lead to a rejection of the 


joint null hypothesis, if one could rule out the case . 


discussed in fn. 8. 
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Measuring the Expected Real Rate of Interest— 
An Exploration of Macroeconomic Alternatives: 
Reply and Further Thoughts 


By J. WALTER ELLIOTT* © 


u 


John Merrick’s critique of my 1977 study 
of real interest rate movements rests on two 
grounds. The criticism that occupies most of 
his attention is concerned with whether my 
model remains internally consistent when 
either of the two models of inflationary ex- 
pectations are added to the macro-economic 
models of the real rate of interest. , 

Merrick finds that each of my macro- 
economic models of the real rate has em- 
bedded in it a model of inflationary ex- 
pectations when rational expectations are 
applied to it, so that my procedure of 
adding alternative models of inflationary ex- 
pectations to each macro-economic struc- 
ture produces a misspecification of the mod- 
els and constitutes a fundamental flaw in 
the procedure used. Since this “fundamental 
flaw” contention is by far the most serious 
Merrick makes, I shall discuss it first. 

The neo-Keynesian model given by ex- 
pressions (3), (4), and (5) in my paper con- 
tains four endogenous variables: real in- 
come y; the price level 7; the nominal inter- 
est rate r; and the real interest rate 7. The 
model containing these variables has three 
equations and three exogenous variables. 
The result is an underidentified model that 
does not by itself lead to a solution for the 
endogenous variables or yield to reliable 
statistical estimation. What is needed to re- 
solve this familiar problem is sufficient 
additional theoretical restrictions to identify 
the model. In my work, I developed two 
alternative ways to identify the model and 
thus complete the specification of the neo- 
Keynesian framework. These alternatives 
each add a new theoretical restriction to the 
original set. One of these is a monetary 
explanation of r—a while the second is a 
labor market explanation. Merrick does not 


*University of Wisconsin-Milwaukee. 


contest the question of whether the com- 
pleted models are identified econometri- 
cally. Nor does he contest the theoretical 
motivation of either the monetary or wage 
explanation of r— r 

Then, where exactly does my model be- 
come “internally inconsistent” in Merrick’s 
eyes? Judging from Merrick’s adjectives, 
it is because my alternative explanations 
of r—qa do not follow the specific Lucas- 
Sargent-Wallace version of the rational ex- 
pectations hypothesis that they developed in 
connection with the neutrality of money and 
the Phillips’ curve. This was a deliberate 
choice on my part, but one that apparently 
needs some additional discussion. 

In my paper, I explained the sense in 
which my expectations est:mates were “ra- 
tional” in three passages (all on p. 430): 
“Estimates of the real rate are formulated 
from Muthian premises...; John Muth’s 


- concept of such an expectation is that it is 
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rational if it is equal to the prediction of 
relevant theory;... an expectations measure 
that reflects current information more fully 
than another measure is ‘rational’ in that it 
produces more accurate pregicnons than 
other alternatives.” 

In constructing the alternative models in 


‘my study, I used these ideas to support two 


assumptions. First, if as a testable alterna- 
tive the public believed that actual prices 
were related predominantly to the money 
supply, then their .expectation of future 
prices, r— 7, would be as strongly and in the 
same structural way related to the money 
supply. The same reasoning process sup- 
ported a second wage explanation of in- 
flationary expectations. If the public as- 
sociated price movements predominantly 
with labor market variables. then these vari- 
ables would predominantly govern their ex- 
pectations of future prices. 
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This approach is indeed formulated from 
Muthian premises. But, of more importance, 
it represents a tailoring of Muth’s ideas to a 
particular concern.of my study—that of ex- 
amining alternative structural models of in- 
flationary expectations. By formulating and 
using these alternative structural models, 
evidence is obtained as to whether money 
market or labor market information is more 
important in influencing inflationary ex- 
pectations. 

Under the usual Lucas-Sargent-Wallace 
approach, any variable that enters the 

reduced-form of the otherwise incomplete 
-= model becomes an argument in the added 
equation for r— 7. Thus, my two alternative 
structural hypotheses that the public follows 
either monetary or labor market rules in 
formulating inflationary expectations are re- 
placed by the single premise that all the 
exogenous and lagged endogenous variables 
are linearly combined by the public in form- 
ing its inflationary expectation. This is an 
entirely appropriate abstraction in the case 
of studies such as those of Lucas or 
Sargent-Wallace. But, in my study, this pro- 
cedure would suppress and abstract from an 
important question that it was my purpose 
to examine. All of this illustrates that 
Muth’s concept of rational expectations can 
be used in more than one way in empirical 
economic research. 

Since Merrick rules out all but the version 
he develops of the Lucas-Sargent-Wallace 
approach to rational expectations, he finds 
my development of alternative structural 
models for r— wm inconsistent with “the” 
rational expectations hypothesis. My devel- 
opment clearly does not follow the Lucas- 
Sargent-Wallace approach. But it is fully 
consistent with the broader Muthian prem- 
ise upon which it is founded, and it is fully 
appropriate for my purpose of exploring 
alternative macro-economic structures. 

The second criticism Merrick finds with 
my method of analysis relates to the 
monetary balance equation in the neo- 
Keynesian structure (my expression (5)) and 
the monetary model of inflationary expecta- 
tions (my expression (16)). Expression (5) 
states that, in equilibrium, the /og of the real 
money stock (m— p) is in balance with the 
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log of the demand for real balances, where 
the latter is a positive function of real in- 
come and a negative function of the interest 
rate. In deriving expression (16) by using a 
monetary rule, my expression (10) asserts: 
Pp, =a+m, where pf is the log of an 
equilibrium price and m is the Jog of nomi- 
nal money balances. : 

Merrick’s contention is that since expres- 
sion (10) fixes the value of m,—p/ to be 
constant through time, the right-hand side 
of my expression (5), given by c} y+ cr, + 
03, is required to be constant through time 
which he contends is unlikely: thus he con- 
tends that my model breaks down. In this 
analysis, Merrick apparently overlooks the 
fact that the price that appears in the 
monetary balances expression is the actual 
price p; while the price appearing in expres- 
sion (10) is an equilibrium price towards 
which the actual price adjusts according to 
the partial-adjustment mechanism described 
by expressions (11)-(13). 

According to (5), monetary equilibrium is 
disturbed when changes occur in m, p, r, or 
y. Changes in pf do not of themselves im- 
pact upon the monetary balance equation. 
Rather, the sequence goes like this. When m 
is increased, pf adjust proportionately up- 
ward. Actual prices then start to change, 
eroding the real money stock and causing 
an increase in r. Finally, the increase in p, 
and r, is sufficient to reduce real money 
demand to the fallen supply. So, although 
the monetary model of inflationary expecta- 
tions requires that m,=p/ be constant 
through time, the monetary balance equa- 
tion does not require that c, y, + car, + 03, be 
constant through time—only that it be set 
equal to a generally nonconstant m,=p, at 
each point in time. 

To conclude, I have taken two incom- 
pletely specified macro-economic models 
and completed each of them in two different 
ways. The result is four logically complete 
and statistically estimable models that each 
explain real income, prices, the nominal in- 
terest rate, and the real rate by differing 
theoretical premises. Merrick has not suc- 
cessfully shown there to be a problem with 
this research method. However, he has sug- 
gested two additional and highly general 
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ways to complete the macro-economic 
` structures—by assuming along the lines of 
Lucas-Sargent-Walliace that inflationary ex- 
pectations afe exclusively set by a linear 
combination of past values of the exogenous 
variables from each partial model. I have 


- argued that my purpose suggested a specific 


structural approach to be preferable. 
The two alternative representations of 


inflationary expectations I examined re-— 


flect points of view found prominently 
in the literature. But, there are more than 
Merrick’s two unexplored alternatives. 
There are as many plausible ways to com- 
plete the macro-economic models. in my 
- paper as there are ideas on how inflationary 
expectations are set. In this or any other 
empirical study, the list of alternative hy- 
` potheses will generally not be complete so 
that empirical studies such as mine will 
_ reach less than global conclusions. Nonethe- 
less, -such results. will be useful in under- 


standing how the expectations of economic 


agents are most likely set. 


JUNE 1980 
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Excess Burden, Benefit Taxation, 
and Efficiency in Public Expenditure 


By Tuomas S. McCALes* 


If direct user charges for public goods are 
infeasible, is there a system of taxation 
which might promote efficiency in public 
expenditure where the supply of public 
goods is determined by voting? This is the 
central issue addressed by the modern the- 
ory of benefit taxation, particularly as ex- 
posited by James Buchanan. He provided 
an affirmative answer to the question just 
posed and developed a formula for distrib- 
uting the tax burden among the individual 
voters. The formula implies that an efficient 
level of public expenditure would be collec- 
tively chosen no matter what voting rule 
might have been established at the consitu- 
tional stage of decision making. Application 
of this neutrality formula, however, re- 
quires knowledge of the elasticities of de- 
mand for public goods with respect to the 
variables which influence that demand. It is 
-` natural, then, that the formula has reap- 
peared in several recent studies which 
attempt empirical estimation of demand 
functions for various public goods. These 
studies propose a test based on Buchanan’s 
formula for determining the extent to which 
the supply of a public good in a particular 
community deviates from the efficient quan- 
tity. 

Both Buchanan’s work and the empirical 
demand studies just noted. implicitly ab- 
stract from the excess burden of taxation. 
Indeed, most of the literature on the eco- 
nomics of public goods neglects the effects 
which excess burden might have. Two 
notable exceptions are papers by David 
Johnson and Mark Pauly and by Anthony 
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Atkinson and Nicholas Stern. The John- 
son-Pauly paper shows that in the presence 
of distortionary taxation the familiar mar- 
ginal conditions first presented by Paul 
Samuelson no longer characterize a Pareto 
optimum. Their analysis, however, is con- 
fined to a’ voluntary exchange model, and 
they fail to extend the analysis to show how 
the existence of excess burden alters 
Buchanan’s formula. Atkinson and Stern, 
expanding on an argument in Joseph Stiglitz 
and Partha Dasgupta, incorporated the ex- 
cess burden of taxation into the marginal 
social benefit obtained from public expendi- 
ture. They show that, absent complementar- 
ity between a public good and the private 
goods which are taxed to pay for it and 
provided the taxed private goods are not 
inferior, the socially optimal quantity of the 
public good will be reduced if distortionary 
taxation must be used. Their analysis is con- 
fined to a planning model rather than a 
voting model, however, so that the voting 
rule and the distribution of the tax burden 
among the individual voters are of no inter- 
est to them. 

The objective of this paper is to develop 
the implications of distortionary taxation 
for Buchanan’s neutrality formula. A new 
formula which takes account of excess 
burden is derived along with a sufficient 
condition for equivalence between this mod- 
ified criterion and the original formula. The 
implications of this adjustment for the 
efficiency test proposed in the empirical de- 
mand studies are then investigated. In par- 
ticular, it will be shown that use of the 
original formula to determine the efficient 
level of public expenditure leads to quanti- 
tatively ‘erroneous, and in some cases, 
qualitatively erroneous, conclusions. Some 
crude estimates of the magnitude of the 
potential error are also provided. 
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I. Excess Burden and Neutrality of the 
Voting Rule 


Assume that all individuals are alike in 
their preferences for some public good z, 


but that they differ from one another in — 


terms: of some variable y which together 
with the tax price imposed on them de- 
termines their individually preferred quanti- 
ties of the public good. The individual de- 
mand functions can therefore be written as 


(1) Z= f(t,y;) 


where ¢ denotes tax price and the subscript 
refers to the ith individual.! When the quan- 
tity supplied of the public good is de- 
termined through a voting process and indi- 
vidually preferred quantities differ from one 
another, the collectively chosen quantity 


i= | A 


will be sensitive to the voting rule, and 


whether or not efficiency is attained will 
then also be dependent on the choice of a 
voting rule. 

To ensure neutrality in the supply of the 
public good with respect to the voting rule, 
it is necessary that all the individually pre- 
ferred quantities of the public good be 
sie inten is to say, Z,;=2,=...=Z,= 

2 This can be accomplished only by an 
renee a distribution of tax prices among 
the voters. To do this, first set each of the 
demand functions in (1) equal to z, and then 
solve for the corresponding individual tax 
prices as functions of y and Z: 


(2) t, = g(y;32) i=1,...57 
Differentiation of (2) yields 
(3) dt, = g, dy; ia PEON 


IStrictly speaking, only marginal tax price enters the 
demand function in (1). However, if the public good 
can be provided at constant unit cost, then it is possible 
to charge each individual a tax price which is uniform 
over quantity while still acquiring just enough revenues 
to cover the full costs of production. In this case, of 
course, marginal and average tax-prices are equal, and 
this assumption is adopted here. 

?it must be noted that, despite appearances, these 
relationships are not definitionally true since the z; are 
individual quantities demanded, not the quantities ac- 
tually consumed. 
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which shows that the tax prices should vary 
with y. It is clear then that y is to be the tax 
base. To obtain a complete characterization 
of the neutral tax structure, equation (3) is 
converted into elasticity form: 


(4) ny = gy /t 


where n denotes the elasticity of the first 
subscripted variable with respect to the sec- 
ond and constancy of the elasticities is 
assumed. Dividing both y and t by Z on the 
right-hand side and noting that g,= —f,/f, 
gives rise to 


(5) | ny, = ey | Met 


This says that, for the collectively chosen 


. quantity of the public good to be invariant 


to the change in the voting rule, “The in- 
come elasticity of the tax-price schedule 
must be equal to, but opposite in sign, the 
income elasticity of demand for the public 
good divided by the relative price elasticity 
of demand for the public good” (Buchanan, 
1967, p. 153). 

Provided the public budget is balanced so 
that the summed individual tax prices equal 
the marginal resource cost of the public 
good, and further provided that a tax im- 
posed on the variable y does not generate an 
excess burden, a tax structure satisfying (5) 
is “fully neutral” in Buchanan’s terminol- 


ogy: 


In full neutrality the marginal tax- 
price confronted by each individual is 
equal to the marginal evaluation that 
he places on the public good, and 
the summed tax-prices equal marginal 
cost. Given these conditions, no indi- 
vidual desires to modify the quantity 
of the public good that is supplied; all 
individuals prefer the same quantity. 
Hence, the political decision rule is 
immaterial. [1964, p. 228] 


This will be recognized as the equivalent of 
the Lindahl equilibrium in the context of a 
voting model, with emphasis on neutrality 
of both the tax and the voting rule. 

The requirement that the tax on y not 
generate an excess burden is unlikely to be 
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met by any known tax system and certainly 
not by the income tax on which Buchanan’s 
attention was focused. Thus, the direct re- 
source cost of a public good understates the 
true social cost in that it fails to take 
account of the inefficiency which the tax 
imposes on private sector choices. This ex- 
cess burden is, however, a very real cost of 
public goods provision to the individual 
voter-taxpayers. When distortionary taxa- 
tion is employed, then, individually pre- 
ferred quantities of the public good will 
depend upon the sum of tax price and the 
associated incremental excess burden. This 
excess burden is often referred to as the 
welfare cost of taxation, and the marginal 
welfare cost imposed on voter i will be de- 
noted by w,. 

Define m, =t +w, as the marginal cost of 
the public good to the ith individual. The 
. demand function in (1) now becomes 


(6) 2,=f(mp,y;) 


Equating all i demand functions and solving 
for m, yields 


i=1,...,7 


(7) m;= 2(¥;3Z) i=],...,7 
From (7) can be obtained a formula for the 
distribution among individuals of the mar- 
ginal social cost of the public good, 


(8) Ly = — Ny / Nom 


such that the choice of a voting rule is 
neutral in terms of its impact on the supply 
of the public good. 

Significant difficulties are encountered in 
any attempt to measure the aggregate 
welfare cost imposed on a community by a 
particular system of taxation, and use of 
formula (8) requires not just measurement 
of the aggregate, but a determination of its 
distribution among individual taxpayers. 
Thus, it is of some interest to know when 
Buchanan’s original formula in (5) remains 
valid despite the presence of an excess 
burden. That is to say, when is formula (8) 
equivalent to (5)? To see this, expand the 
left-hand side of (8) and equate with (5) to 
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t w 
(9) Ny = + yy = My 


which can be solved for n, =n. Thus, only 
if the marginal welfare cost of taxation, 
which is not a control variable, is distrib- 
uted among the voter-taxpayers in exactly 
the same manner as the marginal tax prices 


‘ will Buchanan’s formula continue to be a 


valid criterion for structuring the tax system 
to achieve neutrality with respect to the 
voting rule. 


Il. Estimating the Efficient Quantity 
of a Public Good 


Under the conditions of public budget 
balance and no excess burden as specified 
above, the tax system as described by 
Buchanan’s formula in (5) will result in col- 
lective choice of the Lindahl equilibrium 
quantity of the public good. Moreover, in 


’ the absence of an excess burden, the Lin- 


dahl equilibrium is known to be efficient as 
judged by the Pareto criterion. For these 
reasons it has been suggested by Robin 
Barlow, Theodore Bergstrom and Robert 
Goodman, Anthony Barkume, and Howard 
Pack and Janet Pack that the neutrality 
formula can be used with estimates of the 
relevant elasticities of demand for a public 
good to determine whether or not the quan- 
tity of the public good being supplied is 


_ efficient. If not, the formula will indicate in 


what direction and to what extent the quan- 
tity actually provided deviates from the op- 
timal quantity.’ 

Suppose, for example, that collective deci- 
sions are made by simple majority rule so 
that the result on any particular decision is 


_the outcome desired by the voter with 


the median individually preferred outcome. 
Now, substituting estimates of the demand 
elasticities for the public good with respect 
to y and ¢ into (5) yields the corresponding 
elasticity of the efficient tax-price schedule. 
If the median of the tax prices prevailing in 


3See also the comments on Barlow by Yoram Barzel 
and, in particular, by Bergstrom. 
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the community equals the median of the 
efficient tax prices, then the quantity of the 
public good supplied by the community is 
efficient. On the other hand, if the median 
of the actual tax prices is greater (less) than 
the median of the efficient schedule, the 
quantity supplied is less (greater) than the 
optimum. Moreover, the extent of the diver- 
gence can be measured as 


(10) zt — Fm mt ty) 


where z* is the efficient quantity, t* is the 
tax price calculated from the efficient schéd- 
ule, and k indicates the median value.* 

When the tax system imposes an excess 
burden, the social cost of the public good 
exceeds the resource cost so that, as Atkin- 
son and. Stern show, the second best opti- 
mum will in general require that a smaller 
quantity of the public good be provided 
than in the undistorted optimum. If this 
second best quantity is denoted z’, this says 
that z’<z*. If, now, the proposed test using 
(5) is applied, there are five possible out- 
comes, each one leading to an incorrect 
conclusion. First, suppose that z’<z*<Z. 
According to the suggested criterion, the 
quantity of the public good being supplied 
to the community exceeds the optimum. 
This is in fact correct. However, attempting 
to measure the extent of the divergence 
using z* as the optimum would clearly un- 
derstate the amount of true inefficiency. 
Next, let 7<z’<z*. In this case one would 
correctly conclude that the existing supply 
of the public good fell short of the efficient 
quantity. Once again, however, the extent of 
the divergence would be incorrectly mea- 
sured, being biased toward overstatement in 
this case. 

In the third case, not only is the extent of 
the inefficiency likely to be measured incor- 
rectly, but the conclusion drawn is qualita- 
tively erroneous as well. In this case, z’ «<z 


*A further assumption is required in order to use 
(10) as a measure ‘of the extent of divergence from the 
optimum, specifically, that the median taxpayer has the 
median individually preferred quantity. This assump- 
tion is also necessary in order for the demand estimat- 
ing procedures used in the cited studies to be valid. 
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<z*, and the test suggests that the supply of 
the public good is too small when in fact it 
is excessive. Furthermore, only if |z’—z|= 
|z* — Z| would the amount of inefficiency be 
correctly determined. The last two cases 
arise when Z= z*, leading to the conclusion 
that the efficient quantity is being supplied, 
even though in fact it is excessive, and when 
’= Z, in which event one concludes that the 
supply of the public good is suboptimal, 
though in truth it is just right. ` 
Unfortunately there appears to be no way 
to distinguish empirically among these cases 
in a particular application, except by esti- 
mating directly the incremental welfare cost 
imposed on the median voter. This would 
permit (8) to be used instead of (5), thereby 
yielding results which are both qualitatively 
and quantitatively correct, at least within 
the restricted arena of the existing tax sys- 
tem. Since different tax systems impose dif- 
ferent degrees of excess burden on private 
sector choices, however, there might exist 
some other system with similar distribution 
of the tax burden, but lower aggregate ex- 
cess burden. Such a tax system would of 
course be Pareto preferred to the existing 
system, but the proposed test even using (8) 
provides no indication of this. 


Ill, Quantitative Dimensions of the Problem 


To assess the quantitative dimensions of 
the problem on which the preceding analysis - 
is focused requires data on the marginal 
welfare cost of the relevant tax system 
together with estimates. of the price elasticity 
of demand for the public good. While an 
extensive investigation of this issue cannot 
be undertaken here, existing data do permit 
rough calculations of the potential magni- 
tude of the error and its associated excess 
burden. Edgar Browning (1976) has esti- 
mated the marginal welfare cost of that por- 
tion of the U.S. individual income tax 
which falls on labor income under three 
different assumptions about the particular 
form which an increase in marginal tax rates 
might take. As a percentage of the marginal 
tax revenues required, he found the excess 
burden to range between 9 and 16 percent. 
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To utilize these estimates, the following 
assumptions are now made: 


l. A unit of public expenditure is that 


quantity of a public good whose cost 
(average and marginal) is $1. 

2. The existing level of public expendi- 
ture is the second best quantity, z’. 

3. All incremental revenues required to 
finance extensions in the supply of public 
goods would be acquired by increases in the 
tax rates on labor income only. 

With these assumptions, the deviation of 
the second best quantity from the optimal 
quantity derived from Buchanan’s neutrality 
formula z’— z* can be found as the product 
of marginal welfare cost and the elasticity of 
demand for public expenditures. If n,,=—1, 
as Browning (1977) assumes, then the poten- 
tial error in applying Buchanan’s formula 
would itself range between 9 and 16 percent 
of the existing level of public expenditure. 
Based on 1974 income tax revenues of ap- 
proximately $287 billion, this implies that z* 
exceeds z’ by somewhere between $26 bil- 
lion and $46 billion. Increasing the level of 
public expenditure by this amount in accor- 
dance with the proposed test would, there- 
fore, generate an excess burden of $1-$3.5 
billion. ‘This is over and above the addi- 
tional excess burden arising from the in- 
crease in tax rates. 

The magnitude of these distortions is 
quite sensitive to the value of the elastic- 
ity of demand for public expenditures. 


Bergstrom and Goodman estimate the elas- 


ticity of demand for general expenditures of 
municipal governments to be —.23. Using 
this value as a proxy for the elasticity of 
demand for federal government expendi- 
tures, the range of potential error in apply- 
ing Buchanan’s formula is reduced to 2-3.5 
percent of the existing level of expenditure, 
or between $6 billion and $10 billion. This 
translates into a potential excess burden of 
$270 million to $800 million if federal ex- 
penditures were increased in accordance 
with the findings of the proposed test. Of 
course, if the existing level of public ex- 
penditure is not in fact the second best 
quantity, these estimates may significantly 
over- or understate the potential error and 
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its associated excess burden. Aggregate data 
of the kind which currently exists do not 
permit even crude approximations to be 
made in this case. 


IV. Conclusion 


Because of the disincentives to truthful 
preference revelation, provision of a public 
good in the private market will almost 
surely lead to a suboptimal quantity being 
supplied, with the extent of the inefficiency 
in all likelihood increasing with the size of 
the group to be served. Therefore, in the 
absence of an excess burden arising from 
taxation, there is a strong presumption in 
favor of collective provision of the public 
good. By assigning tax shares to individuals 
at the constitutional decision stage prior to 
any consideration of the quantity of the 
public good to be supplied and by basing 
these tax shares on some readily observable 
economic variable which is highly correlated 
with individual demands for the public 
good, an indirect link between tax shares 
and individual demands can be established 
without providing an incentive for misrepre- 
sentation of preferences. The closer the cor- 
relation between individual preferences and 
the chosen tax base, the greater the likeli- 
hood that the collectively chosen quantity of 
the public good will approximate the ef- 
ficient quantity. With perfect correlation, a 
tax system structured according to the for- 
mula in (5) would result in attainment of an 
efficient allocation of resources to the public 
sector through the voting process. 

When the excess burden of taxation is 
taken into account, it has been shown here 
that the formula in (5) is no longer applica- 
ble, but instead the neutral tax structure is 
characterized by the modified rule in (8). 
Now, however, the prima facie case for col- 
lective provision of a public good vanishes. 
While private provision leads to inefficiency 
in the supply of the public good due to the 
disincentives to truthful preference revela- 
tion, collective provision also leads to in- 
efficiency due to the distortionary effect of 
the tax system on private sector choices, 
even if the second best tax structure defined 
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by (8) is adopted. Thus, one reaches the 
conclusion once again that, in seeking 
methods for improving efficiency in public 
goods supply, consideration must be given 
to private market provision as well as to 
alternative tax systems and mechanisms for 
inducing truthful revelation of preferences. 
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Optimal Public Investment and Dispersion Policy 
in a System of Open Cities 


By ELHANAN HELPMAN AND DaviD PINEs* 


Cities differ from each other; some dif- 
ferences arise from natural endowments 
while others from man-made amenities. 
The quality of a city can be improved by 
public investment, but at a point of time its 
quality is historically determined. Individu- 
als tend to choose their residential location 
in pursuit of utility maximization, and the 
quality of a city is an important considera- 
tion in this locational choice. 

Now consider a planner who cannot de- 
sign the cities de novo and cannot construct 
new cities. He is faced with a given system 
of cities which he can improve, and he can 
impose taxes in order to finance public in- 
vestment in quality improvement. These 
taxes cannot, however, discriminate among 
individuals on a personal basis, but they 
can be different in different locations. This 
is a rather realistic situation in which the 
planner is faced with the following prob- 
lems, which are addressed below (all these 
problems have been faced, for example, by 
Israeli planners): 

a) How much should be invested in 
quality improvement, and how should the 
overall level of investment be distributed 
among the cities? In particular, should in- 
vestment take place in (initially) low- or 
high-quality cities? Should all the cities be 
brought to the same quality level, or should 
the terminal quality levels differ among 
cities? 

b) How should public investment proj- 
ects be financed? 

c) How should excessive concentration 
in high- (or perhaps, low) quality cities be 
prevented? 

d) How should people be encouraged to 
emigrate to cities located in areas which the 


*Department of economics, Tel-Aviv University. 
This work was completed when Helpman was on leave 
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planner desires to develop due to noneco- 
nomic objectives? 

Regarding the first question, which is the 
main novel issue addressed in this paper, we 
cannot suggest general rules. The precise 
answer depends on many economic vari- 
ables like preferences, initial qualities of cit- 
ies, transportation functions, etc. However, 
we argue that there are circumstances in 
which it 1s optimal to invest only in the 
highest-quality city and there are circum- 
stances in which it is optimal to invest only 
in the lowest-quality cities. This argument is 
substantiated with an example which is fully 
developed in our discussion paper. 

Some of the problems discussed in the 
present paper are related to problems dis- 
cussed in the paper by Frank Fiatters, 
Vernon Henderson, and Peter Mieszkowski. 
They have characterized the optimal alloca- 
tion of resources, including local public 
goods, in a system of communities with 
population mobility, and so do we (the qual- 
ity of a city is a local public good). But their 
focus was on the case in which there are no 
restrictions (except for resource constraints) 
on the provision of local public goods, while 
we consider the case in which communities 
have different initial amenities which can 
only be increased. This enables us to discuss 
optimal public investment in relation to the 
initial distribution of qualities among cities 
—an important problem that they did not 
address. In addition, in contrast to their 
model, we employ a disaggregated frame- 
work in terms of the intraurban structure, 
which enables us to provide valuable insight 
into the problems at hand. However, when 
it comes to the same issues, our findings 
confirm theirs. Thus, a development policy 
(the supply of public goods in their case) 
designed to improve the quality levels 
cannot be delegated to local governments, 
but should be centrally coordinated, and an 
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efficient financing system of public invest- 
ment consists of equal lump sum taxes on 
each household irrespective of its location, 
as long as there are no noneconomic objec- 
tives in the dispersion of the population. 
This tax system is also required to guarantee 
the optimal distribution of the population 
by preventing excessive concentration in 
high-quality (or, perhaps, low-quality) cities. 

We present our model in Section I, in 
which we derive also the first-order condi- 
tions for an optimal allocation. In Section 
II, we describe properties of an optimal 
allocation, including optimal public invest- 
ment strategies. Section III concludes the 
paper with a discussion of optimal policies 
for the attainment of a desired population 
dispersion policy that arises from noneco- 
nomic objectives. 


I. The Model 


Consider a system of m monocentric 
cities which differ from each other by their 
amenity levels. These may represent climatic 
properties, scenic features, or other natural 
endowments. But they can also represent 
historic man-made amenities such as the 
layout of roads, parks, or impressive statues. 
It is assumed that the amenity level of a 
: given city can be improved by public invest- 
ment, but that new cities cannot be con- 
structed. Accordingly, the terminal quality 
level of city i,Q,, depends on the initial 
attributes of the city, A; and on the level of 
public investment in improving amenities in 
city i, P, Formally: 


Q,;=q(A;P;) i=1,2,...,m 
where A,= vector of initial attributes of city 
i, and P,= public investment in city i. 

We assume that q,,,g,»>0, where qy = 
0q,/0X,, X =A,P. Let 


(1) P,=p,(Q,,A;) i=1,2,...,m 


be the inverse function of 9(-), then pig >0 
where P;o = dp; /9Q,. 

The population of the whole system of 
cities is assumed to be homogeneous in 
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terms of both preferences and initial hold- 
ings. Homogeneity in terms of initial hold- 
ings implies that either (a) landlords are 
absentees, or (b) each household owns equal 
shares of land in every location, and is 
therefore entitled to equal shares in the rent. 

We prefer the second assumption, since 
some inconsistency is inherent in the first 
one. If the absentee landlords are accounted 
for in optimality considerations, then a 
priori, households cannot be said to be ho- 
mogeneous. The reason is that some of them 
own initial endowments which others do 
not. If, on the other hand, the absentee 
landlords are not accounted for in optimal- 
ity considerations, then it is not clear why 
their land is not confiscated by appropriate 
land taxes which are redistributed as lump 
sum transfers. This, of course, implies that 
the second assumption is satisfied. Thus, we 
follow the second assumption rather than 
the first. 

The utility of each household is assumed 
to be a quasi-concave function of housing 
A(x), the consumption of all other com- 
modities Z(x) (referred to hereafter as 
a composite commodity), and “locational 


quality” Q,. 
(2) U(x) = ul H,(x),Z,(x), Q] 


i=1,2,...,m 


where U;(x)=utility level of a household 
residing x miles from the center of city i. 
We assume uy,Uz,Ug >0, where uy = 
du /dX,,X = H,Z,Q. 

Assuming that the composite commodity 
is the numeraire, the compensated de- 
mands for housing and the composite com- 
modity are 


(3) H,(x)=h[ Q; R(x), U(x) ] 
i=1,2,...,m 
(4) Z(x)=z[ Q, R(x), U(x) ] 
i= 1,2,...,m 


where R{x)=rent per unit of housing x 
miles from the center of city i. 
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Without loss of generality, it is assumed 
that housing is produced by land only. 
Thus, if 9(x)>0 represents the amount of 
land available x miles from the center of 
city i, we have 


(5) n(x) H,(x) <8,(x) 


where n(x) is the number of households 
residing x miles from the center of city i. 

Let the total amount of nonland resource 
be Z. These resources are used for direct 
consumption, transportation, rent to agricul- 
tural landlords (exogeneously determined), 
and public investment. Accordingly, 


i=1,2,...,m 


© ÈS UZO) 


n(x) + (0) RA ]ax + È PAQA) <Z 


where S,=the distance from the center of 
city i to its most distant point, 4(x)= 
transportation costs (an increasing function 
of x), and R“ = alternative cost of land put 
into urban use (agricultural rent). 

The population to be distributed among 
the cities is N, which implies 


(7) N= > f nde 


The policy variables comprise prices, non- 
discriminating taxes, and the allocation of 
public investment among cities. The choice 
of prices as policy variables is a convenience 
which is justified by the fact that every 
desired price structure can be achieved 
by taxes which do not discriminate among 
individuals. These prices (taxes) have of 
course to be chosen from a set of equilibri- 
um price configurations. A similar proce- 
dure is adopted in much of the optimal 
taxation literature. 

Equilibrium under the above specified 
assumptions implies equal treatment of 
equals. Hence, we have 
(8) U;(x)= U 


i=1,2,...,m 
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Since we do not permit negative public 
investment, we must have 


(9) Q; > g,(A;,9) 


The optimal allocation problem is now 
defined as follows: Choose U,Q,,S,, and 
n(x), R(x) for x €[0, S,], i=1,...,m to maxi- 
mize U subject to equations (3)—(9) and 
S,,n{x), R(x) 2 0, i= 1,2,...,m. 

At this stage we want to characterize the 
optimal policies and to compare the struc- 
ture of cities which are occupied in an opti- 
mal allocation; that is, cities in which it is 
optimal to have a strictly positive popula- 
tion size. For this purpose let M (a subset of 
{1,2,...,m}) be the set of cities which are 
occupied at the optimal allocation. Then, we 
can characterize the optimal allocation by 
characterizing the solution to an optimiza- 
tion problem which is similar to the one 
stated above, except that the index i runs 
now over the elements of M instead of 
{1,2,...,m}. In the new problem the con- 
straints $; R (x)>0 for x€[0,S,], 1EM, 
cannot be binding and the constraint n(x) 
20 for x €[0,S,],iG M, cannot be binding 
at points x at which @(x)>0. By consid- 


i=1,2,...,m 


ering the modified problem instead of the 


original one, we avoid the discussion of how 
to optimally choose the subset of cities with 
a positive population size, a subject with 
which we are not concerned in this paper. 
The following is the Lagrangian that cor- 
responds to the modified problem: 


(10) 
L= U+A| Z- = S HLOR) U]+ 


t(x) } n(x) + 0,(x) RA | dx — 2 Pil Q;,A;) 
+ pl = f TRN 
+>] oO) 


— h[ Q; R(x), U|n(x)} ax 
F 2 y| Q; — 9A; 0)] 
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where A, u, p(x), and y; are the Lagrangian 
multipliers which correspond to (6), (7), (5), 
and (9), respectively, augmented by con- 
straints (3), (4), and (8). 

The necessary first-order conditions for a 
maximum are 


(11) 3L/IU=1-A > [zuli.x)n(xdx 
iem~O 7 

- Df olx)holix)n(x)dx =0 

iem~O 


(12) aL/8Q,= 


-A f "zoli x)nAx)dx -Mol QnA) | 


- [Pol)higlinx)n(x)de-+ 1, =0 

fori E M 

(13) aL /8S,=—A{[2(i,5,) + 4S) nS) 
+ 0,(S,) Ri} + un S,) =0 

foriEM 


(14) —A[ z(i,x)+ 4(x)] +—p,(x) hx) -0 


for x €[ 0,5; ], iEM 
(15) E Ri, x) —p(x)hp(i,x) =0 
for x €[0,S;], iE M 


where (14) has to be satisfied for optimality 
of n(x); (15) has to be satisfied for optimal- 
ity of R(x); and e(i,x)=e[Q,, R(x), U] for 
e=z,h. 
Condition (15) and the properties of com- 
pensated demand functions imply 


(16) R(x)=p(x)/A 
Equations (14) and (16) yield 
AD 2(i,x) + R(x)h(i,x) + t(x)=p/d 
for xE [ 9,.S; ], iGEM 


for xE[0,S,],iEM 


Hence, p/A is optimal disposable income. 
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II. Properties of an Optimal Allocation’ 


We start by describing some general char- 
acteristics of an optimal allocation. The first 
proposition describes the optimal distribu- 
tion of disposable income. From equation 
(17), we have: 


PROPOSITION 1: Jn an optimal allocation 
all individuals have the same disposable in- 
come, irrespective of their location; that is, 
disposable income varies neither within nor 
among cities. 


Proposition 1 implies that public invest- 
ment should be financed by lump sum 
taxes, or other instruments which are equiv- 
alent to lump sum taxes. Moreover, since 
the level of investment in city į is not related 
to the tax bill of city i, this implies that 
optimality may require intercity transfers 
and central coordination. 

In order to derive more results, we need 
more assumptions and some further rewrit- 
ing of the first-order conditions. The addi- 
tional results are based on different degrees 
of similarity among the cities. 

Substituting (16) and constraint (5) with 
strict equality into (14) (constraint (5) has to 
be satisfied with strict equality because p,(x) 
>0 is necessary for the satisfaction of the 
first-order conditions) and comparing the 
result for x= S; with condition (13) yields 


(18) R,(S,) =R} for iE M 
We can also rewrite (17) in the form 


(19) y[Q,R(x),U] => 4(x) 


for xE[0,S;],iEM 


where y(:) is the minimum expenditure 
function, defined for expenditure on the 
composite good and housing; Yo <0, yoo 
> 0, yp=h. Using (18), we also have 


(20) »[ Q, RA, U]= $ -4(S)) forie M 

We make now the assumption that the 
alternative value of land is the same in all 
occupied cities and that they have the same 
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transportation functions in the relevant 
range. 


ASSUMPTION 1: R4=R% for all iGEM, 
and 4(x)= t(x) for allxE[0,max, S; iE 
M. iEM 


This assumption enables us to derive the 
following proposition: 


PROPOSITION 2: Under Assumption 1, in 
an optimal allocation: (a) Cities with higher- 
terminal quality are at least as large as cities 
with lower-terminal quality in the sense that 
the longest distance (from the center) of in- 
habited areas is at least as great in cities with 
higher-terminal quality as in cities with 
lower-terminal quality. (b) The rent at any 
given distance from the center is at least as 
high in cities with higher-terminal quality 
than in cities with lower-terminal quality. 


PROOF: 

Given R4=R% and t(- J= ), we can 
solye from (20): S, = §(Q,,R%, U,/d). Since 
A ) decreases with Q, and ¢ increases with 

S; 5(-) increases with Q,. This proves ©). 
Using (19), we can solve: R{x)=/7[Q,, U. 
p/A— t(x)]. Since y(-) decreases with Q, 
and increases with R,(x), 7(-) increases with 
Q,, which proves (b). 


The above proof implies that under 
Assumption 1, there exists functions s(Q,) 
and r(Q,,x) such that s(-) and r(-) increase 
with Q, and r(-) declines with x, and at the 
optimal solution: 

H 
Ux) 


(21)  $,=s(Q)=8(Q,,R 
(22) R(x)=r(Q,x)=F| 0U, $- 1) | 


where U and p/A are at their optimal val- 
ues. We add now two further assumptions. 


ASSUMPTION 2: 6(x)=0,(x) for all i€ 


M,x E[0, max — 4,5;]- 


ASSUMPTION 3: Housing and location- 
al quality are net substitutes; 1.e., ho <0! 


ho <0 if and only if housing and quality are net 
substitutes in the Hicks-Slutzky sense. 
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PROPOSITION 3: Under Assumptions 1-3, 
in an optimal allocation: (a) For every dis- 
tance from the center, density is at least as 
high in cities with higher-terminal quality 
than in cities with lower-terminal quality. (b) 
Total population is larger in cities with 
higher-terminal quality than in cities with 
lower-terminal quality. 


PROOF: 
Under Assumptions 1—3, we have 
hl Q; R(x), U | n(x) = 6(x) iEM 
R,(x)=r(Q,,x) iEM 


Since h(-) decreases with Q, and R,(x) 
(hr is the pure substitution effect), and r(-) 
increases with Q, then for fixed x, U: 
h(Q,, U, x)=h[Q,,r(Q,,x),U] declines with 
Q;. Hence, n(x) = A(Q,, U, x) =6(x)/ 
h(Q,, U, x) increases with Q,, and so does 
A(Q;, U,x)/0(x). The last expression repre- 
sents density. This proves part (a). 

To prove part (b), consider a city’s popu- 
lation 
XO, iEM 


N(Q)= f AQ, U,x)dx 


Since 7(:) and s(-) increase with Q, N(-) 
increases with Q,. This proves part (b). 


We may, in fact, represent population at a 
given distance from the center as a function 
of terminal quality and distance. 


(23) n(x)=n(Q,,x)=A(Q, U,x) 


where fi(-) is defined in the proof of Prop- 
osition 3 and n(-) increases with Q,. Now, 
using (16), (12) can be rewritten as 


(24) B(Q)=— f y [Q R(x), U]n(x)dx 


=Dio( Q,,A;) — Yi 


where S;, R;(x), U, and n(x) are optimal. 
The function B(Q,) represents the mar- 

ginal social benefit of increasing city i’s 

quality; Piọ(Q;,4;) is the social marginal 
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cost. If y,>0, then P,=0; i.e., if marginal 
costs exceed marginal benefits at P,=0, no 
public investment should take place in -city 
i. The condition P,>0 implies y,=0; i.e., if 
it is profitable to undertake public invest- 
ment in city i, it should be carried out to the 
point where marginal social benefits equal 
marginal social costs. Condition (24) can 
also be interpreted as the well-known 
Samuelson condition for optimal provision 
of public goods, since yo equals the private 
marginal rate of substitution between Q and 
A 

It is easy to show that y is convex in Q,. 
Hence, B;(-)} declines in Q, Now, assume 
that pio(-) does not depend on A; that it 
increases with Q,, and that it is the same for 

all ¿&M. Figure 1 describes the optimal 
investment levels for this case. In Figure 1, 
we have two marginal benefit curves, B,(-) 
and B,(-). They are drawn on the assump- 
tion that we use the correct (terminal) values 
of Sj» R(x), U. Denoting 0; = q(0,A;), opti- 
mality implies that one should not invest in 
city 1, so that Q, = Q; is the optimal value of 
Q,, while one should invest in city 2 up to 
the point where Q, = Qf. 

We have thus characterized optimal pub- 
lic investment in terms of cost-benefit analy- 
sis. However, this characterization does 
not reveal the optimal public investment 


tá 
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strategy, in the sense that it does not reveal 
conditions under which optimal public in- 
vestment is related to initial qualities of 
cities. Should we invest in initially low, 
medium, or high-quality cities? In Israel, for 
example, the tendency was to invest in low- 
quality cities. 

Using our general model, we have not 
been able to derive conditions under which 
it is optimal to invest in initially low-quality 
cities or initially high-quality cities. It can 
be argued, however, and the argument can 
be supported by examples, that both cases 
may occur. The intuitive argument is as 
follows. Suppose that our cities are identical 
in all respects, except for their initial quality 
levels. Then clearly, if there are no trans- 
portation costs, it is optimal to concentrate 
the entire population in the highest-quality 
city and to improve its quality level up to 
the point at which the Samuelson condition 
is satisfied (remember that the supply of 
land is infinitely elastic.} This shows that it 
may be optimal to invest only in the city 
with the highest initial quality level. How- 
ever, in the presence of substantial trans- 
portation costs, this need not be the optimal 
strategy, because in this case the dispersion 
of the population among more cities reduces 
average transportation costs. Transportation 
imposes an indirect cost on housing services. 
Therefore, the more important is housing in 
consumer preferences and the less important 
is quality, the more even should be the 
distribution of the population among cities 
with different quality levels. But as low- 
quality cities become more populated, the 


` marginal benefit of investing in these cities 


rises. Under these circumstances it may be 
optimal to invest in low-quality cities. 

The preceding argument can be substanti- 
ated by means of an example (developed in 
more detail in our discussion paper), where 
cities are linear and they differ only in their 
initial quality levels. The transportation 
functions are linear and preferences are. 
Cobb-Douglas. The alternative cost of land 
is zero, and preferences are normalized so 
that the sum of the coefficients on the com- 
posite good and housing equals one. In this 
specific case the investment strategy de- 
pends only on the elasticities of the utility: 
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function with respect to housing and city 
quality. If the elasticity of the utility func- 
tion with respect to quality exceeds the 
elasticity with respect to housing, the optimal 
strategy is to invest only in one city—the city 
with the initially highest-quality level. If, on 
the other hand, the elasticity of the utility 
function with respect to housing exceeds its 
elasticity with respect to quality, the optimal 
strategy is to invest in the lowest-quality cities 
and to bring them to a common terminal 
quality level which does not exceed the quality 
levels of the remaining cities in the system. In 
an optimal allocation all cities with initially 
positive quality levels are populated. 


III. Optimal Dispersion Policies 


Population dispersion policies are an 
important issue in many countries. Coun- 
tries may have preferences over alternative 
distributions of their population among 
settlements—preferences which may stem 
from political, social, or security considera- 
tions; Israel is a case in point. In order to 
achieve these goals, policymakers can em- 


ploy direct measures (such as preferential — 


income taxation, housing subsidies, etc.) or 
indirect measures (such as more intensive 
public investment in the preferred cities); all 
these measures are employed in Israel. What 
is the optimal policy mix? This question can 
be answered by slightly modifying the 
model of Section I. 

Let the policymaker’s objective function 
be W(U,N,,N,,...,N,,) where N; is the 
population of city i. This is a very general 
objective function which increases with U, 
and which may depend in a complex way 
on the distribution of the population among 
cities. 

Now, rewrite constraint (7) as 


(7) n= f ` n(x)dx 


i= ],2,....m 


(7”) N= 5 N; 


i=] 


Our new optimization problem is: Choose 
U, Q;, S; N; and n(x), R(x) for x €[0, S;], i = 
1,2,...,m, to maximize W(U,N,,N,,...,N,,) 
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subject to (3), (4), (5), (6), 7), 0”), (8), ©), 
and S; N; n(x), R(x) 2 0. 
The corresponding Lagrangian is 


(10)  L=W(U,N, Ny.. Nm) + 


M a F {2[ 2 R(x), U] + 


(a) }n(x)+ Ox) Ri] a+ E (2,4) | 


$ Z '0(x){ 0,(x) — Al Q, R(x), U] 


EM 


en(x) } dx + > yil Q; — 9{A;, 0)] 


where u and p, are the Lagrangian multi- 
pliers of (7^) and (7”), respectively. 

It can be shown that the only qualitative 
difference between the solution of the previ- 
ous problem and the solution of the present 
problem is that now disposable income may 
differ among cities (but not within cities), 
and p,/A is the optimal disposable income 
for residences of city i. From the optimal 
choice of N, we have 


(25) Hy = + OW /ON; 


Hence, if cities i and j are such that the 
planner does not care (possible at the 
margin) about their populations ((W/dN,= 
dW/aN,=0), their residences should have 
the same disposable income (u= p= p). 
However, whenever the social marginal util- 
ity of city 7s population differs from the 
social margin utility of city fs population 
(OW /IN,4AOW/9 W,), income should differ 
between these cities (m — m = OW /ON; — 
dW /ON;). 

It is clear from (25) that the optimal 
population dispersion policy is a location 
subsidy to households. The subsidy should 
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be positive in.city i if the marginal social 


utility of city ?s population is. positive, and - 


it should be negative (a tax) if the marginal 
social utility of city is population is nega- 
tive. The policymaker should not interfere 


in the housing market in order to achieve an — 


optimal distribution of the population. It is 
also clear that a given dispersion of the 
population can be brought about by an ap- 
propriate investment pattern. But invest- 
ment policy alone is insufficient for imple- 
menting the optimal policy; a scheme of 
lump sum transfers and income redistribu- 
tion has-to be applied. 


JUNE 1980 
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Gains from Trade under Uncertainty: 
Further Comment 


By HIROYA AKIBA* 


In.an article appearing in this Review, 
Raveendra Batra and William Russell (here- 
after B-R) analyze the effect of uncertainty 
in the international terms of trade on social 
welfare within the framework of a small 
country with two goods. They conclude that 
the expected social welfare decreases under 
both first- and second-degree stochastic 
dominance. Also in a recent issue of this 
Review, Richard Hartman, commenting on 
B-R’s article, contends that G) B-R do not 
allow for the change in the optimal con- 
sumption of one good, c,, as the probabil- 
ity distribution of the international terms 
of trade p undergoes a mean-preserving 
spread, and (ii) they do not take into 
account the change in c, when comparing 
the expected utility for different distribu- 
tions of p. Based on these criticisms, Hart- 
man presents an alternative proof to show a 
decrease in the expected social welfare when 
the distribution of p undergoes a mean-pre- 
serving spread. 

Batra and Russell are interested in the 
change of the expected social welfare when 
the distribution of p changes. In their 
model, c, is chosen before the uncertainty in 
p is resolved. To analyze the effect of uncer- 
tainty in p on social welfare, B-R do not 
allow for the change in the optimal c, under 
different distributions of p on the ground 
that c} is chosen optimally before p is 
known. However, as pointed out by Hart- 
man, the optimal value of c, will be dif- 
ferent for different distributions of p. To 
discuss the change in the relationship be- 
tween the expected social welfare and the 
optimal c,, Hartman uses a diagram similar 


*Takushoku University. I acknowledge Vincent 
Munley and Kambiz Kiani for their comments on an 
earlier version of this note. I am also indebted to an 
anonymous referee and Harry Ramcharran for their 
comments and suggestions. Any remaining errors are 
my own. 
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to my Figure 1. From his diagram Hartman 
argues that B-R’s conclusion of the de- 
crease in the expected social welfare under 
greater uncertainty is correct even if the 
optimal c, is different for different distribu- 
tion of p.! 

In my view, B-R,.as well as Hartman, 
only consider a special case where the ex- 
pected utility curve under a probability dis- 
tribution always lies above those under dif- 
ferent probability distributions of p. If we 
accept Hartman’s comments, I can think of 
another case where the expected utility 
curves under different probability distribu- 
tions may cross. The purpose of this note is 
first to examine this case that could occur 
within the framework of the B-R analysis, 
but which has not been examined by B-R or 
Hartman. By failing to examine this case, 
the B-R and Hartman analyses seem incom- 
plete. Also, by considering this case, I mod- 
ify the B-R proof to show a decrease in the 
expected social welfare as the distribution of 
p undergoes a mean-preserving spread. 

First, Hartman’s analysis of the B-R con- 
clusion is presented. This is followed by an 
examination of the other possible situation. 
Finally, the modification of the proof is 
presented. The discussion in this note is 
confined to the B-R framework and their 
notation is used. 

The B-R proof simply provides a stronger 
sufficient condition for the decrease in the 
expected social welfare and does not rely on 
the usual comparative statics approach. In 
Figure 1, I denote the original equilibrium 
position by point 1 on the expected utility 
(EU) curve, I. 

Batra-Russell prove that for every c,, EU 
decreases when the exogenous changes in 
distribution of the international terms of 


lIn his alternative proof summarized in his equation 
(4) on page 927, Hartman treats c; as constant as B-R 
do. This contradicts his criticism of their article. 
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FIGURE 1 


trade is introduced. That is, the curve shifts 
down to Z. Whatever is the new equi- 
librium of c, on curve JI (see point 2), there 
is some point on curve J (see point 3) which 
lies above it. Thus, EU? `>EU?. But since 
point 1 was initially the equilibrium point 
(and chosen over point 3) we have EU'> 
EU?>EU’. It is obvious that once a de- 
crease in EU is established for every c, we 
must accept that result for the new equi- 
librium c? as well (see B-R, 1976). 
However, once we allow for the fact that 
the optimal c, will generally be different for 
different distributions of the terms of trade, 
we may have a situation where the expected 
utility curves may cross (see Figure 2). Then 
both B-R’s and Hartman’s proofs fail to 
show that EU! >EU?. This will be shown in 
what follows. Notation is defined in the 
Appendix. 
`. As the probability density changes from 
8, to 8z the change in the expected social 
welfare is expressed as? 


AE uj= f U(c1,€2){ B2(€2) — 81(C2) } dca 


` 2I agree with Hartman for taking zero and infinity 
as the limits of integration. 
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FIGURE 2 


which is B-R’s (1974) equation (9). Integrat- 
ing by parts by allowing for the change in c} 
explicitly, we have 


(1) 
AET U|] = [ U(c1,¢9){ G,(c2) - G,(c2)} le - 


f Urde: de, + U2) G,(¢) = G,(c)} de, 
= [ (AFF | iee- ceja 


where U, (i=1,2) are evaluated under 
the original distribution function, G,(c,)= 
feg (tdt. Then, if we notice that? 


D saa et oe 


(= U,,+2pU,.—p*U,) >0 


L 
p’ 


The second-order condition for the expected utility 
maximization with respect to c} is d *E[U]/ det =E[U}, 
—2pU,2.+p7U>.]<0. Batra-Russell’s assumption, U,,.< 
0 (f= 1,2), is not enough for this to be satisfied. One 
sufficient but not necessary condition for this is U,.> 
0. Under these assumptions (2) is positive. 
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equation (1) may be seen as negative for 
GC.) > G,(c)." l 

Upon integration of (1) once again, we 
have 


(3) Az(U]=|{ 
x{ J, ? G,(t)dt— Í Gde) | 


iv @] 
=i, (1/p)[ Uyde,/de,+ Un 


acra) 
P 


—pU,de,/ dc, —pU,, | 
Cy Cy 
x Í G,(t)dt ~ Í G,(t)at} de, 
æ% ] 
z. za (Un PU nt P Un) 


x l Í "G,(t)dt—- Í "a Od}an, 


Equation (3) is evaluated under the condi- 
tion of a mean-preserving spread (see B-R, 
1974, p. 1043). Then in view of our assump- 
tion (2), we have AE[U]<0 for f?7G,(t)dt > 
JEG (Hat. 

In summary, the Batra-Russell conclusion 
that the increased uncertainty in the terms 
of trade leads to a decline in the expected 
utility is shown to be correct by taking an 
explicit account of the fact that the different 
probability distributions yield different opti- 
mal values of c,. The formal proof of this 


4It should be pointed out, however, that the above 
argument is true if E[U] is maximized under the origi- 
nal distribution function, G,(c.). In this sense, the 
result obtained here may not be considered as a strict 
interpretation of the first-degree stochastic dominance. 
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fact is implied in a recent contribution by 
Giora Hanoch in a more general analysis of 
price uncertainty, although Hartman men- 
tioned it loosely. The alternative proof pre- 
sented by Hartman does not properly take 
this into account. 


APPENDIX 


c(i = 1,2)= consumption of the ith 
commodity 
P= the international terms of 
trade (p,/p2) (p(i=1,2)= 
price of the ith commodity) 
EU= the expected utility | 
g(i=1,2)=the probability density 
function of c, 
G,i=1,2)= the cumulative distribution 
function of c, 
U(c,,c,)= a social utility function 
AE[U]= the change in the expected 
utility 
U.i=1,2)= the partial derivative of U 
with respect to c, 
U,(i,j=1,2)= the second partial deriva- 
tive of U with respect to c; 
and c, 
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The Comparative Statics of the Competitive, 
Increasing-Cost Industry 


By JosepH P. HUGHEs* 


It is commonly thought that an increase 
in the demand for the output of a perfectly 
competitive, increasing-cost industry stimu- 
lates the entry of new firms, and that 
without such entry the existing firms would 
attain long-run equilibrium with profits. For 
example, Edwin Mansfield notes in a well- 
known textbook that the result of an out- 
ward shift in demand is that “...the price of 
the product increases and firms earn eco- 
nomic profits, thus attracting new entrants. 
More and more inputs are required by the 
industry, and in an increasing cost industry, 
the price of inputs increases with the 
amount used by the industry ” (pp. 247-48). 
Similarly, C. E. Ferguson and John Gould 
conclude, “The number of firms and in- 
dustry output must increase. However, there 
is no way to predict what will happen to the 
equilibrium output per firm.... But these 
items are certain: industry output, the num- 
ber of firms, and the long-run supply price 
will increase” (p. 252). 

Unfortunately, in failing to consider more 
carefully the response of the firm’s equi- 
librium output, these analyses are mislead- 
ing, and in certain cases incorrect: an in- 
crease in demand may induce losses and 
exit as well as profits and entry. Simplifying 
the analysis by assuming the industry faces 
a rising supply curve in only one factor 
market and that this constitutes the source 
of the industry’s increasing costs, this paper 
proves that when that factor is normal, an 
increase in its price caused by the expansion 
of industry output may raise average cost 
~ more than the increase in demand raises 
average revenue. Hence, firms experience 
losses, some leave the industry, and the 
higher factor price induces the remaining 


*Assistant professor of economics, Rutgers College. 
I wish to thank George Borts and an anonymous 
referee for their generous assistance. 
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firms to produce at a larger scale. Thus, 
losses and exit as well as profits and entry 
may be the result of an increase in demand. 
The failure to account adequately for scale 
adjustments turns out to be the source of 
the common misconception. 


I. Changes in Demand and the Number of 
Firms 


Consider a perfectly competitive firm pro- 
ducing the rate of output g with n inputs 
employed at the rates x=(x!,...,x”) and 
hired at the prices w=(w’',...,w”). It is ` 
assumed that the firm’s cost function C(q,w) 
issues U-shaped average cost curves for any 
given w.' These additional definitions and 
familiar relations will be needed. 

(i) Shephard’s Duality Theorem? dem- 
onstrates that the cost-minimizing demand 
for an input can be determined from the 
derivative 


(1) C4, w) = x (g,w) 


where C,=0C/dw’. 

(ii) The concavity of C(g,w) in w im- 
plies that the cost-minimizing demand for 
an input is inversely related to its own price 
(i.e., the substitution effect is nonpositive): 


(2) . Cy(g,w)=x/(g,w)S0 


where, again subscripts indicate differentia- 
tion. 

Gii) Assuming the cost function is twice 
continuously differentiable, Young’s Theo- 
rem notes that 


(3) C,=C 


ja gj 


Giora Hanoch discusses the technical requirements 
of the production function that are necessary and 
sufficient for U-shaped average cost curves. See his 
Proposition 1 and Corollary 1. 

*For a brief discussion of Shephard’s Duality Theo- 
rem, see W. Erwin Diewert. 
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and from (1) it is clear that 


(4) Ca =x 
so that 
(5) xi = Cy 


(iv) Where profit is maximized, C,, >0. 
(v) Defining the output elasticity of an 
input along the expansion path as 


(6) w =(q/x!) x4 


the jth input is said to be superior when 
7 >1, normal when 0<7/ <1, and inferior 
when 7 <0. Thus, from (5) it can be con- 
cluded that marginal cost varies inversely 
with the price of the jth input only when it 
is inferior. 

(vi) Assume the industry is composed 
of N identical firms and faces perfectly 
elastic supplies of all inputs but the 7th. Let 


g(w') represent the supply of the ith input to” 


the industry. Although the industry experi- 
ences a rising supply curve, g({w‘)>0, the 
individual firm’s supply is perfectly elastic 
at w'. 

The long-run equilibrium of the firm and 
industry are summarized in the conditions 


(7) p—C,(q,w)=0 
(8) Nx'(q,w)—g(w')=0 
(9) pq—C(q,w)=0 


where (7) requires profit be maximized, (8) 
equates quantities demanded and supplied 
in the ith input market, and (9) insures the 
elimination of each firm’s profit in the long 
run. 

The solution of (7)-(9) gives the profit- 
maximizing rate of output for each firm 
g=q*(p), the equilibrium price of the ith 
input w/=w!*(p), and the number of firms 
composing the industry N= N*(p).> These 


3Although the endogenous variables are actually 
functions of p and w/ (jæi), the terms w’ are ignored 
in the functional notation since no operations involving 
them appear in the text. 
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three equations fully characterize the in- 
dustry’s long-run supply as a function of 
the price of output. The latter is formulated 
as an exogenous variable because it is clear 
that in this context it varies directly with the 
demand for output. Thus, the response 
of the number of firms to a change in de- 
mand can be determined by differentiating 
(7)-(9), evaluated at equilibrium, with re- 
spect to p. 


~ Ca ~ Cy 0 
(10) | Nx} Nxj-g, x’ 
p-C, =C; 0 

dq* / dp —] 

x | dw'*/dp|=| 0 

dN* / dp -4 


Solving by Cramer’s Rule and making sub- 
stitutions from the expressions in (1)—(7), 


(11) 
an — N(x')’[n'—(n')]+9°C,,(Nx/—8)) 
dp = qC (x 


Hence, dN*/dp>0 when y'< 0 and ni2? 1, 
but dN*/dp z 0 as O<n'<1, so that the 





expected positive relationship between de- 


mand and the number of firms is called into 
question when the ith input is normal. 


H. Changes in Demand and the Firm’s: 
Optimal Scale 


To show the relationship between changes 
in demand and the optimal scale of a firm, 
Cramer’s Rule is again employed to solve 
(10) for 





* Ja i 
dp Cag 


which indicates that optimal scale is in- 
versely related to demand when the ith in- 
put is superior and directly related when 
normal and inferior. Two additional cases 
should be noted: y’=1 where scale remains 
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constant and ņn’=0 where scale varies di- 
rectly.* Thus, when the demand for output 
increases and x’ is superior, the reduced 
scale requires the entry of new firms to 
accommodate the increased demand. On the 
other hand, the larger scale for the cases of 
normality and inferiority raises the possibil- 
ity that fewer firms could supply more out- 
put.” If so, losses must result from the in- 
creased demand when exit is prevented. 


III. Changes in Demand and Profit when 
Entry and Exit are Prevented 


To show the relationship between changes 
in demand and the profit of existing firms 
when the number of firms is held constant, 
the profit function, evaluated at equilibrium, 


(13) w*(p)=pq*(p)— C(q*(p),w',..., 


w'*(p),..., Ww”): 
is differentiated with respect to p, 


* ix A 
(4) Zl) ag-o® 
dp |aN=0 dp |an=0 





Its sign obviously depends on that of 
(dw'* /dp)inao. If dN*/dp is set equal to 
zero and the last equation in (10) is omitted, 
Cramer’s Rule can be used to solve for this 
derivative:° 


(15) 
dw'* Nx; 


dp eee = Nx} — 8) + CyNxi 


4it should be noted that where the production func- 
tion is (globally or locally) homothetic at the point of 
minimum average cost, 7/=I1(j=1,...,) so that 
dq* / dp =0, and the phenomenon under study does not 
occur. See Eugene Silberberg, p. 739, for a discussion 
of homotheticity and scale adjustments. 

>There is an important literature dealing with the 
competitive firm’s adjustment of scale to changes in 
input prices: Ferguson and Thomas Saving; Lowell 
Bassett and Thomas Borcherding; Richard Portes; S. 
Charles Maurice (1971, 1972); and Silberberg. The rela- 
tionship proved by these papers is that 0g*/dw‘= 0 as 


nZ 1. From (10), dw'*/dp>0 implies in the sass of 
< 


inferiority that although each firm is using less of the 
ith input at its larger scale, the entry of new firms has 
increased the input’s demand and price. 

‘This derivative differs from its counterpart de- 
scribed in fn. 5. In the latter case production occurs 
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Then substituting (15) into (14) and making 
further substitutions from the relations and 
definitions in (1)-(6), 

adn* 


(16) pa 





dN =0 


© NY nin Y | +.°C,,(Nx/— g) 
9C aq Nx} — 8) — aN(xi) 


Since the denominator is negative, the sign 
of (16) depends on 7’. In fact, the numera- 
tor is identical to that of dN*/dp in (11). 
Thus, the condition on 7’ that determines 
the response of the number of firms to a 
change in demand is the same as that which 
determines the response of profit when the 
number of firms is held constant. When x’ 
is superior or inferior, profit would result so 
entry occurs. On the other hand, when x’ is 
normal, loss and exit must also be included 
as possible outcomes. 

Holding the number of firms constant so 
that marginal cost no longer need equal 
average cost, it is clear that profit will arise 
from the increase in demand when x’ is 
inferior. Reducing the demand for x‘, the 
increase in the industry’s output will lower 
w', as is apparent from (15) when it is noted 
that the denominator is positive since C,,= 
x, and the numerator is negative only when 
n' <0. A lower w‘ implies a higher marginal 
cost (since Cy =x, <0) and a lower average 
cost. Consequently, average revenue rises, 
average cost falls, and profit results. In long- 
run equilibrium the number of firms must 
increase. The larger scale of each firm is not 
adequate to meet the greater demand for 
output without entry. 

When the input is superior, the conse- 
quent increase in its demand raises wf, 


where average and marginal costs are equal so that the 
change in w’ reflects adjustments in scale and numbers. 
In the former case marginal and average costs are not 
necessarily equal so that the change in w’ reflects only 
the existing firms’ alteration in the demand for x‘ to 
maximize profits. This ts an extension of D. V. T. 
Bear’s discussion of the relationship between the price 
of output and the competitive firm’s demand for an 
input. He found that 3x’/ðpZ 0 as n/= 0. 
< < 
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average cost, and marginal cost (C, =x; > 
0), but average revenue rises more than 
average cost so that profit ensues. Again, 
the number of firms must increase. Indeed, 
the smaller scale of each firm requires entry 
to satisfy the greater demand. 

When the input is normal, the rise in w’ 
causes both average and marginal cost to 
increase, but the rise in average cost may 
exceed the rise in average revenue so that 
loss as well as profit is possible. Thus, the 
increased scale for a normal x‘ raises the 
possibility that fewer firms could supply 
more output and that when exit is pre- 
vented, losses would result. Consequently, it 
cannot be claimed that an increase in de- 
mand will always increase profit and cause 
the entry of new firms. 
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Tariffs vs. Quotas under Uncertainty: 
An Extension 


By LESLIE YOUNG*. 


In a recent paper in this Review, Partha 
Dasgupta and Joseph Stiglitz (hereafter 
D-S) consider whether a pure tariff or a 
pure quota is better for raising revenue 
when there is uncertainty about the foreign 
price of a good and about its domestic de- 
mand and supply functions. They conclude 
that “...a pure tariff is unambiguously su- 
perior to a pure quota in generating a given 
expected level of government revenue” 
(p. 979). In arriving at this conclusion, the 
authors use some approximations which 
they recognize to be valid only when the 
revenue to be raised-—and hence the tariff 
required—is small. In this note it is shown 
that,.even when this condition is satisfied, 
tariffs can be inferior to quotas—unless the 
tariff rate /* required under a pure tariff is 
small compared to the degree of uncertainty 
in the foreign price p. If this assumption is 
reversed, and the degree of uncertainty in 
the shift parameters & and y in the domestic 
demand and supply functions is small, then 
a pure quota can be superior to a pure tariff. 

The theorem below gives the ranking of 
tariffs and quotas when the expected reve- 
nue to be raised is small. Let p be the 
expected foreign price and o, 9,, and o, be 
the standard deviations of J, &, and ¥. Let to 
be the expected prohibitive tariff, that is, the 
tariff rate which ensures that imports are 
zero if p, &, and f take their expected values. 


THEOREM 1: In the D-S model with the 
expected net surplus criterion: (a) If 2t*? >t, 
>o,/p>0 and o, and o, are sufficiently 
small compared to o, then a pure quota is 
superior to a pure tariff in raising a given 
expected revenue. (b) If 2t*?<ty<o,/p then 
a pure tariff is superior to a pure quota. 


*Senior lecturer in economics, University of Canter- 
bury, New Zealand. I am grateful to Edward Tower 
and to a referee for helpful comments. 
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This result seems intuitively more reason- 
able than the D-S conclusion—which the 
authors themselves had found surprising. A 
similar conclusion holds with the max-min 
criterion. I shall give an intuitive explana- 
tion of my results based on the observation 
that the tariff required under a pure tariff 
regime in order to raise a given level of 
expected revenue is higher than the implicit 
tariff in a pure quota regime. 


I. The D-S Model and Conclusions 


In the D-S model, the domestic demand 
and supply schedules are 
q=&— BD; q=ytdS 


where q is domestic price, D and S are the 
quantities demanded and supplied, & and + 
are random variables with fixed known dis- 
tributions, and B and 6 are positive con- 
stants. The government seeks to maximize 
the expected sum of consumer’s and pro- 
ducer’s surplus: 


(1) 
W= El (#—P)/2B—-(P ~ 7)/26—Al] 


where J is the equilibrium level of imports: 


(2) 





Dasgupta and Stiglitz show that ranking the 
policies according to W is equivalent to 
ranking them according to 


(3) Z=E| pG)— E[# |/2 


The government is constrained to raise a 
fixed expected revenue R through tariffs (or 
through auctioning off quotas), i.e., 


(4) E[(@G-s)i|=R 
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In the case of a pure ad valorem tariff 
t,gG=p(1+2). Substituting (2) into (4), D-S 
show that ¢ satisfies the equation: 


a paS +y) 
l aon I 


ee. ae 
(B+5)E[ P| 


mmama 
— d 


(A random variable with a bar denotes its 
expected value.) Dasgupta and Stiglitz assert 
that if second and higher powers of R are 
neglected then an approximate solution to 
this equation is given by 


p RBS 
mes p(ad+7B)—(B+8)E p’ ] 


This implies that 
(6) 


5 RBS 
q= f 


* paat 7B) —(B+6)E| P 


They assert that, substituting from (6) into 
(3), one obtains (for small R): 


(7) Lrariff = E| pP |/2 


In fact, this operation yields 


Zrarigg = E| PO +) -1 + *)?/2] 


è 


(8) Zaig = ELP \(1— t*7)/2 


Notice that D-S have dropped the term 
—(1/2)E[p7}t*?. The consequences of this 
will be assessed presently. 

In the case of a pure quota, D-S show 
that the quota 7* required to raise the reve- 
nue R satisfies the quadratic equation: 


BS I+ 


R(B+8) =0 
Bs 
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and obtain as an approximation to the rele- 
vant solution: ; 


+ 28+ ¥B—p(B+8) 
(9) ae 
E R(B+8) 
a+ ¥B—p(B+5) 


= They then infer that the equilibrium price 


under a pure quota is 

(10) G=u=ptk+é 

where 

(11) k=RBS/[ad+yB—-p(B+8)] 
(12) @=[(a@—a)d+(¥—7)B]/(B+8) 


They assert that, substituting equation (10) 
into (3), one obtains: 


(13) 
Z quota = 3| P- (0287+ 0287) /(B+8) | 
In fact, this operation yields 

Z guna = E[ (p+ k+9)]—ZE|(p+k+0) | 


or 


(14) Zyvora = 3 | B?— (028? + 0787)/ 


(B+8)—k?| 


Thus D-S have dropped the term —(1/2)k? 
in Luota’ , 


According to the expressions (7) and (13) 
obtained by D-S 


(15) Zary Zpoan = 3 | % + (0287+ 028?) / 
(B+68)| 


hence D-S conclude that if o,, 0,, and o, are 
not all zero, then a pure tariff is unambigu- 
ously superior to a pure quota. 
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Il. The Optimal Policy under the Expected 
Surplus Criterion 


The D-S conclusion is not valid without 
further assumptions because the difference 
Zarif ~ Zquota COUld be of the same order of 
magnitude as the two neglected terms 
—(1/2)E[ pyr? and —(1/2)k*.! To ‘see 
this, note that by (8) and (14), 

(16) 2Z )=0; + E[ 07] 


tariff L niin 

+k?— E| p*|t? 
where E[07]=(0757+ 07 B*)/(B +8). To 
evaluate the importance of the neglected 
term 


(17) k? — pt *2 ot? 


rewrite (5) and (11) as 





(18) ft = __ aR/P 
: 2/= 
~0,/P 
(19) i 
| doP 


where a=ß8/(B +8) and qo=(&ô + Y8)/ 
(B+ 8). Thus qg is the domestic equilibrium 
price if imports are zero and @ and y take 
their expected values. 

From (18) and (19) it can be seen that if 
o >0 then k< pe" and the neglected term 
(17) is negative.” It is not immediately ap- 
parent whether. the D-S conclusion remains 
valid because the size of the neglected | term 
(17) depends on o;—and the term ož ap- 
pears independently in the D-S criterion 


‘Dasgupta and Stiglitz state that the approximation 
(5) is obtained by neglecting second and higher powers 
of R and that their expression (7) holds for small R. 
Thus they seem to suggest that if the approximation (5) 
is used, then the term —(1/2)E[p7]¢** ought to be 
neglected. In Appendix B I shall examine the condi- 
tions under which approximations (5) and (9) are valid 
and show that these conditions need not imply that the 
neglected terms are small compared to Zarif ™ Zguota: 

71 assume that gg >F + 02/P so that k>0 and 1 >0, 
This assumption ensures ‘that the tariff or quota is 
binding. Dasgupta and Stiglitz make a similar sa 
tion in their fn. 8. 
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function (15). However, with some elemen- 
tary manipulations (see Appendix A), we 
have 


(20) (Zarit — Zquora) = E[ 97] 


+o5[1—2pt*?/(qo—3) | 
+ #02] —14+02/(4% -70 ] 


Assuming that o, >0 the last two terms in 
this expression are ; negative if 


(21) 21? >(qo—P)/p>o,/p 


They are positive if 
(22) 2t <(qo—P)/P <0, /p 


Thus the D-S conclusion is valid if condi- 
tion (22) holds. However, if condition (21) 
holds then the last two terms in (20) 
are negative. Noting that E[07]= =[8%or + 
B7o,]/(B +6)’, I conclude that if o2 and o? 
are “sufficiently small relative to O°, then 
quotas are superior to tariffs. Theorem l is 
proved. 

In Appendix B, I show that it is possible 
to choose values for the various parameters 
so that (21) is satisfied without violating the 
conditions under which the approximations 
for ż* and J* are valid. 

Conditions (21) and (22) have a simple 
interpretation: (qg—p)/p is the expected 
prohibitive tariff tẹ that is, the tariff that 
would lead to zero imports if fp, a, and + 
took their expected values. The condition 
2¢*? >to thus requires that the pure tariff r* 
required to raise the given expected revenue 
R be not too. small compared to the ex- 
pected prohibitive tariff. The condition t)> 

o,/p OT qo— P p >o, requires that, on average, 
the fluctuation in foreign prices be less 
than the difference between the domestic 
equilibrium price when imports are zero and 
the foreign price. 


HI. The Optimal Policy under the Max-Min 
Criterion 


Dasgupta and Stiglitz also considered the 
ranking of tariffs and quotas when there is 
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infinite risk aversion with respect to net 
consumer’s surplus, rather than risk neutral- 
ity as above. Policies are ranked according 
to the minimum value of net consumer’s 
surplus over all values of the random vari- 
ables, i.e., 


(23) 
W = min| (&- @)/2B— (4 - 7?) /28—pl] 


Routine calculations (see Appendix C) yield 


~  B+8 


(24) Wrong — Wowota= 385 


x [Pmax (P+ kt Omax) 


+8 
-55 Da 


where p,,,, and ĝa are the largest values of 
p and @, respectively. However, in ranking 
the policies, D-S ignore the last term so 
again they conclude that tariffs are unam- 
biguously. superior to quotas. When this 
term is considered, we have 


THEOREM 2: Under the maxmin criterion, 
quotas are superior to tariffs in raising a 
given expected revenue if and only if: 


(25) | Pmax BE (p+ k+ Omax) <Pmaxt* 


Condition (25) states that the maximum 
foreign price should differ from the maxi- 
mum domestic price under a pure quota by 
less than the maximum tariff payment per 
unit of the commodity under a pure tariff. 
This condition is satisfied in nontrivial 
cases. For example, since (18) and (19) im- 
ply that k <pt*, we can choose ĝa so that 
D+k+t baas <Pmax t Pmaxt*. Tf, in 1 addition, 
Pmax 1S Chosen so that Pmax P Sk + Onax 
then Pmaxt* >P + k+ Oia T Pmax ” Pinas H 
(p+k+6,,,,)|- Thus if Prax- P and 6,,,, are 
sufficiently small compared to the maxi- 
mum tariff payments under a pure tariff, 
then quotas are superior to tariffs. 


IV. Concluding Remarks 


I have brought out explicitly the assump- 
tions underlying the D-S conclusion that 
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tariffs are superior to quotas as revenue-rais- 
ing devices under uncertainty. Moreover, 
for both the expected net surplus and the 
max-min criteria, I have stated conditions 
under which the reverse ranking holds. For 
both welfare criteria, the condition is that 
the pure tariff rate be large compared to 
the degree of uncertainty in foreign prices 
and in the domestic demand and supply 
functions——different measures of the degree 
of uncertainty being used with the two 
criteria. I now give an intuitive interpreta- 
tion of these results. 

The welfare criterion (1) can be written as 
B-C- M where B =E[(& — ĝ/28), 
C=E[(q*— 4/28], and M=E[pl). The 
oreo: B-—C and M embody two sets 
of factors affecting the ranking of tariffs 
and quotas: a pure tariff is inferior on one 
count and superior on the other. Under a 
pure tariff, imports are negatively correlated 
with the foreign price. Therefore, 


(26) E| pÎ| <pE[ T] 


That is, the expected cost of imports under a 
pure tariff ¢ is less than the expected cost if 
the expected imports were imposed as a 
pure quota. With the import function (2): 


M oie M arif = { E[ P| —p’} 
x (1+2)/a=o%(1+1)/a>0 


Thus tariffs are superior to quotas in terms 
of expected import costs M. Clearly they are 
also superior because they permit imports to 
respond to changes in the parameters & and 
f in the domestic demand and supply func- 
tions. 

Leaving the last-mentioned considera- 
tions aside, let ¢’ be the implicit tariff from 
auctioning off a given quota if & and f take 
their expected values. If ¢’ were set as a pure 
tariff then: 


(B- C) rarigg (B — C) quota= { — E| p*] +p*} 
x (1+1’)?/2a= — 0(1+ “*/2a<0 


Thus tariffs are inferior to quotas in terms 
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of the “risk-aversion” effects arising because 
the consumer’s gross benefit B is a concave 
function of g and the domestic cost curve C 
is a convex function of 4. Since o7(1+1')/a 
— a(l +t) /2a= o7(1 —t)/2a>0 for t< 
1 we could conclude that a pure tariff is 
Superior to a pure quota in raising a given 
revenue, provided that the revenue is small 
(so t’<1) and provided that the pure tariff 
rate ¢* which generates the given expected 
revenue equals the implicit tariff rate ¢’ re- 
alized by auctioning off the required quota. 
The neglect of the terms k? and E[p7]t*? by 
.D-S is equivalent .to making this last 
assumption. 

In fact, 7*>k/p=t' because the expected 
cost M of given expected imports (and 
hence the expected tariff revenue for a given 
tariff rate) is less under a pure tariff than 
under a pure quota (see equation (26)). The 
larger tariff required under a pure tariff 
regime to raise a given expected revenue 
reduces the term (B— C)anp Since it in- 
creases both the mean and the standard 
deviation of domestic prices. The revenue 
constraint thus implies an indirect connec- 
tion between the two sets of factors, em- 
bodied in B— C and M, which were noted 
separately by D-S. The fact that a pure 
tariff is superior in terms of expected import 
costs gives an additional reason why they are 
inferior in terms of risk-aversion effects. The 
neglect by D-S of the terms k*— E[p7]t*? 
corresponds to neglect of this indirect 
connection. Taking this connection into 
account, we have the ranking given by The- 
orem 1. The rationale of Theorem 2 is simi- 
lar. 


APPENDIX A: DERIVATION OF 


EQUATION (20) 
By (18) and (19) 
-~F-02/zY 
p-p pre] oP G/F) __, 
(q9-P) 
nap | . E _ - 
= | -2(q)—7)02/p+ 04/77] 
(40-8) 
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Therefore 
k? — p4 + of(1—t*) = o| 1—2pt*?/ 

= i | - 

(qo—B) | + o| —1+ o5/(90-P) | 
Substitution in (16) then yields (20). 
APPENDIX B 

I show that the condition (21) for quotas 
to be superior to tariffs is consistent with the 
conditions for the approximations for t*and 


I* to be valid. These approximations are 
obtained as follows. The solution to the 


quadratic equation x*—bx+ec is (1/2) 


[b+ b(1—4c/b7)°/), If 1>>4c/b’, ie., 
4c/b? is small compared to 1, then second 
and higher powers of 4c/b* can be ne- 
glected and we have the approximations xœ 
c/b or x~b—c/b. In (5) -t*=c,/b, where 
c= aR/(p? +62) and b, =[P(q — P) - 
o°]/(p*+0,). In (9) I*=b,—c,/b, where 
¢,=R/a and b,=(qo~p)/a. 

For any p we can choose r and gg>p so ~ 
that 1>2p/r=4r/(q)—p). Setting R= 
r(g—P)/a we then have 


2P(do~P) ___4aR 


(Al) 1> 
on (ao ~p y 

. Equation (A1) implies that 4c,/b3<1 so 
approximation (9) for J* is valid. Moreover, 
for a sufficiently small 0, such that O<o, < 
Qg—p we clearly have l 


" 4aR( p° + o?) _ 4c, 
[Zla t 


so approximation (5) for ¢* is valid. Finally, 
from (A1) we have 


2a R? 


2a? R? 
[Plop -0 P(40-P) 
do~’ 





= > 


ava 


P 


Sy he 
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Thus the condition (21) for quotas to be 
superior to tariffs is satisfied. 


APPENDIX C: DERIVATION OF 
EQUATION (24) 


Recalling (12) we can rewrite (2) as 


(A2) al=qgt O-G 


where a= 5/(B+8). Let A=(6a7,, + 
By in)/ (B+ 8). Then substituting from (A2) 
into (23) we have 


(A3) | 

2aW arip = A — Trax — 2Pmax\ Go Omax ™ Imax) 
Since gmax = Pmax(l + t*), (A3) simplifies to 
(A4) 24W,ariy =A + Pnax — 2Pmax(4o+ Omax) 


—(Pmaxt*)” 
By (9) and (10) we have 
(AS) al*™~q y—p—k 
(A6) G=pt+k+é 
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Therefore, substituting (A5) and (A6) into 
(23) we have 


aÑ oa =A (Btk Onan) 


(A7) quota 
= 2Pmax\ Go -P ~ k) 
By (A3) and (A7) 


2a( W arij — W uota) = plax + (5 tkt A 
— Pax( P+ k + Omax) — (Pmaxt*)” 


=| Prax (B+ K+ Onax) | —(Pmaxt*Y 


Equation (24) now follows immediately. 
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Further Results on Input Choices 
under Uncertain Demand 


By Satya P. Das* 


In a recent article in this Review, Duncan 
Holthausen examined whether or not the 
well-known correspondence or duality be- 
tween profit maximization and cost minimi- 
zation extends to the presence of uncertain 
demand. He showed that this duality holds 
for a quantity-setting firm but not for a 
“price-setting” firm.' The purpose of this 
paper is to complement and to partially 
correct some of Holthausen’s results. My 
findings can be briefly stated as follows: 
First, there can be three modes of behavior 
for a firm in the presence of uncertainty: 
quantity setting, price setting, and quantity 
price setting (see Hayne Leland for exam- 
ple). Whereas Holthausen considered the 
first two, the third case was left out, some- 
what surprisingly. The case of a quantity- 
price-setting firm is analyzed in this paper, 
and it turns out that the duality between 
(expected utility of) profit maximization and 
cost minimization holds. 

I show this in the two-input case. But it is 
generalizable to the case of any number of 
inputs for a quantity-price-setting firm as 
well as for a quantity-setting firm. In view 
of the fact that all inputs are chosen ex ante 
in the case of these two types of firms, the 
following theorem is then available. 


THEOREM 1: Under demand uncertainty, if 
all inputs are chosen ex ante, then the duality 
between (expected utility of) profit maximiza- 
tion and cost minimization holds. 


*University of Wisconsin-Milwaukee. I am thankful 
to George H. Borts, Yoshio Niho, and an anonymous 
referee for comments which led to a marked improve- 
ment of this paper. 

‘Strictly speaking, along with a quantity-setting firm, 
Holthausen considers a partial quantity-price-setting 
firm rather than simply a price-setting firm, because in 
his Sections III-VII, the price as well as the capital 
stock are the ex ante variables. 
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When some inputs are chosen ex post and 
some ex ante, the output becomes random, 
and hence the concept of “total cost” be- 
comes random too. Thus what is relevant 
here is the expected utility of cost minimiza- 
tion (as examined in Theorem 2 below) 
or simply expected cost minimization (as 
Holthausen has examined). For a price- 
setting firm under demand uncertainty, 
Holthausen has shown in his two-input 
framework that when one input is chosen ex 
post, (i) the expected utility of profit maxi- 
mization does not imply expected cost mini- 
mization (or in other words, in a rough 
sense, the duality between profit maximiza- 
tion and cost minimization does not hold); 
(ii) moreover, under risk aversion the opti- 
mal amount of the input chosen ex ante 
under expected utility of profit maximiza- 
tion is less than that under expected cost 
minimization? Holthausen’s treatment of 
such a price-setting firm, however, seems 
somewhat unsatisfactory. For he compared 
input choice under expected utility of profit 
maximization to that under expected cost 
minimization (rather than expected utility of 
cost minimization). This means that whereas 
the firm can be risk averse, risk neutral or 
risk preferring with respect to its profit, it 
can only be risk neutral with respect to its 
cost! A more appropriate way, I believe, is 
to allow a non-linear utility function for 
both profit and cost, especially the one 
given by risk-averse behavior. 


THEOREM 2: For a price-setting firm under 
demand uncertainty, expected utility of profit 
maximization does not imply expected utility 
of cost minimization; and the optimal amount 
of the input chosen ex ante (under expected 
utility of profit maximization) is less than that 


*Note that cost minimization here assumes output 
not to be constant but equal to the quantity demanded. 
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under expected utility of cost minimization if 
the two inputs are complementary in produc- 
tion and if the measure of the firm’s absolute 
risk aversion is constant. 


Thus, Holthausen’s result (i) essentially 
holds whereas his result (ii) holds with some 
additional restrictions. Moreover, the first 
part of Theorem 2 easily extends to the case 
of any number of inputs whereas its second 
part does not. 

When some inputs are chosen ex post and 
some ex ante, the familiar marginality con- 
ditions do not hold either for (expected util- 
ity of) profit maximization or for (expected 
utility of) cost minimization; however it 
may be of some interest to know if there is 
any special case where they do. This is dis- 
cussed in Section III where a three-input 
model is developed. One input is assumed to 
be used ex post and the other two are 
assumed to be used ex ante. 


THEOREM 3: Jf the production function is 
separable? in the input used ex post, then the 
expected utility of profit maximization and 
the expected utility of cost minimization both 
imply that the ratio of the marginal products 
of the inputs used ex ante equals the ratio of 
their prices. 


Theorem 3 can be easily extended to the 
case of any number of inputs used ex ante. 
In the following sections, Theorems 1-3 are 
proved. 


I. Proof of Theorem 1 


As Holthausen has already considered the 
quantity-setting firm which complies with 
Theorem 1, I only examine the quantity- 
price-setting firm. 

The features of such a model are well 
known (see Edwin Mills and Leland) and 
therefore only a brief description will be 
given. Let g=h(p,u) be the demand func- 


3Wassily Leontief’s paper is one of the earlier works 
on separable production functions. On the demand 
side, there exists a large body of literature on separable 
utility functions, for example, Steven Goldman and 
Hirofumi Uzawa. 
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tion for the firm’s product where g,p, and u 


` denote the quantity demanded, price, and 


the random term. It is assumed that h,<0 
and, without loss of generality, h, >0, where 
the subscripts denote -the partials. Let a and 
B be the lower and upper limits of u. Let 
X=f(K,L) be the production function, 
where X, K, and L are the output and the 
amounts of capital and labor,. respectively. 
Because p and X are determined before the 
actual value of u is known, the quantity 
demanded may differ from the level of out- 
put. For any given p and X, let us define uo 
such that X= h(p, u). Thus if u>up, the 
quantity sold is X and if u<up, it is A(p,u). 
Then the firm’s profit, v, is given by 


7, =pf(K,L)-wL-rK forug<u<B 


m ,=ph(p,u)—wL—rK fora<us<uy 
where w and r are the given prices of labor 
and capital, respectively. 


Thus the expected utility of profit is given 
by 


(1) f C UT ph(p,u)~ wL—rKo(u)du 


+ U| pf(K,L)—-wL —rK] f Audu 
7 Uy 
where $() is the density function of u. The 
firm’s objective is to maximize (1) with re- 


spect to K, L, and p. The first-order condi- 
tions are 4 


(D AfcU"(m) f o(u)du-rE[ U'(a)) =0 
3) US "ow due wE[ U'()]=0 
o f "'U' (a)(h+ phy)olu) du 

. +U(m)f f "au du=0 


where f, and f; are the marginal products. 


Note that ug is a function of p, K, and L. But the 
terms involving its partials cancel out in each of the 
first-order conditions. 
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From (2) and (3), it readily follows that 
Sx/fu=1/w. Thus a quantity-price-setting 
firm minimizes its cost. This result is easily 
generalizable for n factors. 


. II. Proof of Theorem 2 


Theorem 2 involves a comparison be- 
tween the firm’s expected utility of profit 
maximization and its expected utility of cost 
minimization. Let us consider the latter first. 

Inverting the production. function, X = 
JS(K,L), let us define the labor requirement 
function as L= H(X,K). Some of the prop- 
erties of this function are 


oH 1l 


x fo 
OH _ dk 0 
0K ti 
07H _ Suk Sit — Sixt 
WK p< if> 


that is, if labor and capital are complemen- 
tary to each other. 

Let us now define the negative of the total 
cost as 


=—wLh—rK > 
=— wH(X,K)—rK 
= —wH(h(p,u), K)— 


because for a price-setting firm, the quantity 
produced is always equal to the quantity 
demanded. This implies, as in Holthausen’s 
paper, that labor is: being used ex post. 
Clearly, for any given p and K, C is random, 
and the equivalent problem for cost minimi- 


zation under uncertainty will be to maxi- . 


mize E[U(C)], where E is the expectation 
operator. Equating its partial with respect to 
K, to zero, we get 

(5) E[U(C)(—wdH/oK— r)|=0 


let K? be the solution to (5) at a given p. 
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Now the profit 7 of the price-setting firm 
is equal to R+C, where R=the total reve- 
nue=ph(p,u). Then the objective function 
of the firm can be written as 


Max E[ U(R+C)] 


The first-order conditions are” 
(6a) E| U'(2){h+h,(p— woH /3X)} | = 


(6b) E| U'(7)(— w0H /dK — r)|=0 


Let K* be the optimal amount of capital 
determined from equations (6a) and (6b). 
The question is how K° and K* are related. 
A close look at (5) and (6b) suggests that 
K°+K* or, in other words, as Holthausen 
contends input choices under expected util- 
ity of profit maximization are not consistent 
with cost minimization. This proves the first 
part of Theorem 2. 

To “compare the magnitude of K* relative 
to K°, let us evaluate the left-hand side of 
(6b) at KS By Taylor’s approximation, 
U'(r)=u'(C)+ RU” (C) Substituting this in 
(6b) and evaluating (6b) at K°, we get 


(7) left-hand side of (6b) 
= E[ RU"(C)(—waH/aK—r)) 
= E| R] E[ U"(C)(—wdH/0K— r) | 
+cov| R,U"(C)(—wdH/dK—r) | 


An inspection of the expression (7) sug- 
gests that, in general, its sign is inde- 
terminate. However with constant absolute 
risk aversion and complementarity between 
inputs,’ it will be shown below that the 
expression (7) is negative in sign. Thus K* < 
K°®, and hence the second part of Theorem 2 
is proved. 


‘These equations are the same as equations (15) and 
(16) of Holthausen’s paper. 
` Note that both K* and K? are evaluated at the 
price determined by (6a) and (6b). 
In production functions such as CES or Cobb- 
Douglas, inputs are in fact complementary. 
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The measure of absolute risk aversion 
following Kenneth Arrow and John Pratt 
is given by —U"(C)/U’(C). Thus con- 
stant absolute risk aversion implies that 
U"(C)/U(C) is constant. Using this as 
well as equation (5), (7) can be written as 


(8) 
U”(C) 
U{C) 





E| R]E[ U'(C)(— wa /dK— r)] 


+cov| R,U"(C)(— wdH/0K —r)] 





uC) ni 
= UXC) cov| R, U’(C)(—wð3H/3K-—r)] 
From risk aversion, as we know, U”(C) <0. 
This, together with the fact that 3H /3X >0 
implies that U’(C) and u are positively re- 
lated. Also because 0*H/0X:0K<0O when 
the inputs are complementary, (~ wAH/0K 
—r)} is positively related to u. Hence 
U(C)(— wdH /dK—r) is positively related 
to u. Moreover, R is obviously positively 
related to u. Thus | 


cov| R,U'(C)(— waH/dK —r)|>0 


This together with U” being negative im- 


plies that expression (8) and hence expres- 


sion (7) are negative in sign. 
Ill. Proof of Theorem 3 


In this section I will show that for a 
price-setting firm when some inputs are 
used ex ante and some ex post, the familiar 
marginality conditions (that the ratio of 
marginal products of two inputs bé equal to 
their relative prices) do hold under both 
expected utility of profit maximization and 
expected utility of cost minimization, if the 
production function is separable in the in- 
put used ex post. This is shown in a three- 
input model, which can be easily gener- 
alized to the case of any number of inputs 
used ex ante. 

Let the third factor be denoted by N with 
P, as its price. Let us maintain our assump- 
tion that labor is the factor used ex post in 
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order to adjust output to varying demand. 
Let our separable production function be of 
the form 

(9) X= F| g(K,N),o(L)] 


and correspondingly the labor requirement 
function be of the form 


L= H*(X,K,N) 

In view of the discussion in Section II, the 
minimization of expected utility of cost is 
given by 
(10) El U(C)(-—waH*/oK— r)|=0 

E| U'(C)(— waH* /aN — p,) | =0 
From (9) it follows that® 
(11) 0H*/0K= — F,g¢/F,;0H*/aN 
eo een Fy 


Substituting (11) in (10) and rearranging the 
terms, we get 


(12) wE[ U'(C)F,gx/F,)=rE[ U'(C)). 
(13) wE| U'(C)F,gy/F,|=p,E[ U(C)] 
But the left-hand side of (12) 
= 9B) EEN CF 56/ Fey 
=(8x/8y)WE| U'(C)F,8y/ F] 
as the g function is independent of L 
=(8x/8y)P,E| U'(C)], using(13). 
Hence | 
rE| U(C))] =(8x/8n)PnE[ U(C)] 
(14) &x/8n=r/P, 


8Note that F; = Fv’. 
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In other words, the marginality conditions 
obtained under certainty do extend to the 
case of expected utility of cost minimiza- 
~ tion. 

Let us now consider maximization of ex- 
pected utility of profit. In view of the dis- 
cussion in Section II, it is clear that the 
first-order conditions of this maximization 
with respect to K and N are the same as the 
conditions (12) and (13) except for U’(7) in 
place of U’(C). Thus equation (14) follows. 
In other words, the expected utility of profit 
maximization also implies the marginality 
conditions. 
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Discussants: RUSSELL BOULDING, SPEA, Indiana University 
WALTER P. PAGE, University of West Virginia 


2:00 p.m. THe TEACHING OF ADVANCED Economics (Joint Session with Omicron Delta Epsilon) 
Presiding: ALAN A. BROWN, University of Windsor 
Papers: WILLIAM GILLEN, University of Windsor 
The Teaching of Advanced Undergraduate and Graduate Microeconomics—-A Survey 
Finis WELCH, University of California-Los Angeles 
The Teaching of Advanced Labor Economics 
RICHARD Dusansky, State University of New York-Stony Brook 
The Teaching of Applied Welfare/Applied Econometrics at the Graduate Level 
Discussants: JACOB MINCER, Columbia University 
(Others to be announced) 
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2:00 P.M. ENERGY, ENVIRONMENTAL POLICY, AND ECONOMIC GROWTH 
Presiding: DALE W. JORGENSON, HARVARD UNIVERSITY 
Papers: EUGENE Krocu, Columbia University 

Energy, Environment, and Growth. 
BRIAN WRIGHT, Yale University 

The Cost of Aggregate Energy Conservation 
WILLIAM NORDHAUS, Yale University 

Energy Policy and Macroeconomic Performance 

Discussants: ROBERT E. HALL, Stanford University 

JOHN Moroney, Tulane University 
Davip Nissen, Chase Manhattan Bank 


f 


2:00 P.M. HOUSEHOLD PRODUCTION FUNCTIONS; THEORY AND ESTIMATION 
Presiding: (To be announced) 
Papers: F. Tuomas Juster, University of Michigan: - i 
The Role'of Time and Wealth in the Production of Household Output 
MARTHA HILL, University of Michigan 
- Constraints and Complementarities in Modeling Household Activities 
GREG K. Dow, University of Michigan 
The Dynamics of Change in the Formation of Household Preferences 
FRANK P. STAFFORD, University of. Michigan 
The Production of Child Quality within Households 
Discussants; ROBERT T. MICHAEL, University of Chicago 
MICHAEL WACHTER, University of Pennsylvania 
Marc Nervove, Northwestern Univera: 


2:00 P.M. REGULATORY FEDERALISM 
Presiding: WALLACE E. Oates, University of Maryland 
Papers: WERNER Z. HIRSCH, University of California-Los Angeles 
Landlord-Tenant Regulations in their Local and Federal Aspects 
Eur M. Noam, Columbia University 
Federalism vs. Home Rule: The Determinants of Demand for Jurisdictional Level in Urban 
Regulation 
KENNETH T. Rosen, University of California~Berkeley - 
The Effects of Zoning Laws on the U.S. Housing Market 
Discussants: WILLIAM G. SHEPHERD, University of Michigan 
RICHARD O. ZERBE, University of Washington 
‘ Donap Dewey, Columbia University 


2:00 p.m. THE POLITICAL ECONOMY OF TECHNICAL CHOICE. ` 
Presiding: HERBERT GINTIS, University of Massachusetts 
Papers: STEVEN Coun, University of Massachusetts 
Nuclear Power:.A Case Study in Official Technology 
Hein! HARTMANN, National.Academy of Sciences 
' Technology, Patriarchy, and Housework 
WILLIAM LaZONICK, Harvard University 
Labor Relations and Technical Change: U.S. and British Capao 
MICHAEL REICH, University of California-Berkeley . 
Political-Economic Determinants of the Division of Labor within the Firm 
Discussants: SIDNEY WINTER, Yale University 
PauL Davin, Stanford University 


4:15 P.M. THE PRESIDENTIAL CANDIDATES: EcoNdMic 4 AND p FINANCIAL POLICIES. (Joint Session with the American 
Finance Association) . 
Presiding: LEONARD SILK, New York Times A 
Papers: To be announced 


4: 15 P P.M.. DISTRIBUTIONAL Issues IN Pusuic Poucy* >° ` 
Presiding: GLENN Loury, University of Michigan 
- Papers: ROBERT W1i.Lic, Princeton University 
Social Welfare Dominance 
VINCENT CRAWFORD, University of California-La Jolla 
Arbitration and Conflict Resolution in Labor-Management Bargaining 
Discussants: CLIFFORD Donn, University of Tennessee 
Exsr Knorr, University of California-Davis 
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4 15 pM. THE IMPACT OF INFLATION ON LABOR FORCE PARTICIPATION AND THE DISTRIBUTION OF HOUSEHOLD 
INCOME* (Joint Session with the AEA Committee on the Status of Women in the Economics Profession) 
Presiding: M. Louise CURLEY, Scudder Stevens and Clark ` 
Papers: CYNTHIA LLOYD AND BETH T. Niem, Rutgers University-Newark 
Money Illusion or Price Illusion» The Effect of Inflation on Female Labor Force Participation 
JUNE O’NgILL, The Urban Institute 
Differential Effects of the Productivity Slowdown by Sex and Race 
WILHELMINA A. LeIGH, National Urban League 
Shelter Affordability: Comparisons by Race, Region, and Tenure 
BARBARA BERGMANN, University of Maryland , 
‘Economic Equity’ for the Housewife 
Discussants: ROBERT EISNER, Northwestern University 
JOAN G. HAwortH, Florida State University 


4:15 p.M. FISCAL REFORM IN A Dona, or How LEVIATHAN May Lose ITS TEETH (Joint Session with the 
Public Choice Society) 
Presiding: Rosert D. TOLLISoN, Virginia Polytechnic Institute and State University 
Papers: TERRY L. ANDERSON AND P. J. HILt, Montana State University 
Fiscal Policy in the Transfer Society: A Prospective on Constitutional Reform 
JUERGEN BACKHAUS, University of Constanz 
The State as a Club: A Perspective for Public Finance in a Prosperous Democracy 
PAUL CRAIG ROBERTS, Wall Street Journal 
Taxation and the Demand for Leviathan 
RICHARD E, WAGNER, Auburn University 
Taxes, Prices, and the Institutional Requisites for Economic Calculation 
Discussants: Davin E. R. Gay, University of Chicago Law School 
KAREN I. VAUGHN, George Mason University 


. 4:15 P.M. THE ANTI-SMOKING CAMPAIGN (Joint Session with the Health Economics Research Organization) 
Presiding: DONALD YETT, University of Southern California 
Papers: Jerrrey E. HARRIS, Massachusetts Institute of Technology 
Quitting Cigarette Smoking l 
DouGLAs C, CoATeE, Rutgers University, AND EUGENE M. Lewrr, College of Medicine and Dentistry 
of New Jersey-New Jersey Medical School : 
The Potential for Reducing Cigarette Smoking Through the Use of Excise Taxes 
KENNETH E. WARNER, University of Michigan 
Benefits and Costs of the Anti-Smoking Campaign: Framework for Assessment 
Discussants: DONALD SANT, Federal Trade Commission 
MARVIN KRISTEN, State University of New York-Stony Brook 
STUART SCHWEITZER, University of California-Los Angeles 


4:15 P.M. INTERNATIONAL DIMENSIONS OF ECONOMIC EDUCATION 
Presiding: Epwin S. MILLs, Princeton University 
Papers: WYN OwEN, University of Colorado 
Components of the International Dimension of Economic Education 
Gustav RANIS, Yale University, E>warp ScHuH, University of Minnesota, James WORLEY, 
Vanderbilt University, AND Punir CATEURA, University of Colorado 
Panel Discussion: Developing the International Dimension 


4:15 p.m. FINANCIAL DEVELOPMENT AND STABILIZATION POLICIES IN LDCs 
Presiding: RONALD I. MCKINNon, Stanford University . 
Papers: MAXWELL FRY, University of Hawaii 
Financial Development Models: Theories, Tests, and Exiniign: 
ANDREW CROCKETT, International Monetary Fund 
Implementation of Financial Stabilization in Developing Countries: Selected Cases 
PEKKA AHTIALA, University of Tampere, Finland, AND JEAN-MARIE BLIN, Northwestern University 
Risk, Resource Allocation, and the Social Cost of Inflation 
FREDERICK BERGER, Crocker Bank of San Francisco 
Financial Immaturity and Monetary Control in an Open Economy 
Discussants: DONALD MATHIESON, International Monetary Fund 
RONALD I. MCKINNON, Stanford University 
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4:15 P.M. CURRENT RESEARCH IN INTERNATIONAL BUSINESS CYCLES 
Presiding: GEOFFREY H. Moore, Rutgers University-Newark 
Papers: VICTOR ZARNOWITZ, University of Chicago, AND GEOFFREY H. MOORE, Rutgers University- 
Newark 
Trigger Formulas for Recognizing Recessions and Recoveries 
Joun P. CuLLiry, Rutgers University-Newark 
Cost-Price Relationships in Business Cycles in Industria] Counties 
CHRISTOPHER SIMS, University of Minnesota 
Dynamic Business Cycle Models for Several Countries 
Nett SHEFLIN, Rutgers University 
Leading Indicators of Inflation 
Discussants: (To be announced) 


8:00 p.m. RICHARD T. ELY Lecrurs* 
Presiding: WILLIAM J. BAUMOL, Princeton University and New York University - 
Speaker: LORD LIONEL Rossmws, London School of Economics 
(Title to be announced) 


Saturday, September 6, 1980 


8:00 AM. Tue Cost OF SMOG (Joint Session with the Association of Environmental and Resource Economists) 
Presiding: CHARLES Howe, University of Colorado 
Papers: DAVID BROOKSHIRE, RALPH D’ARGE, WILLIAM SCHULZE, University of Wyoming, AND MARK 
THAYER, University of Missouri 
Benefits of Reducing Los Angeles Smog 
ANNE BRESNOCK, University of Colorado and San Diego State University 
Housing Prices, Income, and Environmental Quality in Denver 
EpNA LOEHMAN, RON PROMBOIN, KATHLEEN CHAIKIN, AND Davip BOLDT, Stanford Research 
Institute 
Experiments in Measurement of Air Pollution Benefits in San Francisco 
Discussants: RONALD CUMMINGS, University of New Mexico 
A. MYRICK FREEMAN IIT, Bowdoin College 


8:00 A.M. INFLATION AND ` THE TAX SysTEM* 
Presiding: MARTIN FELDSTEIN, Harvard University and National Bureau of Economic Research 
Papers: ALAN AUERBACH, Harvard University 
Inflation and Firm Behavior 
LAWRENCE SUMMERS, Massachusetts Institute of Technology 
Inflation and the Valuation of Physical Capital 
MARTIN FELDSTEIN, Harvard University and National Bureau of Economic Research 
Inflation and Private Pensions 
Discussant: PATRIC HENDERSEOTT, Purdue University 


8:00 a.m. A CRITICAL LOOK AT RATIONAL EXPECTATIONS IN PRACTICE* (Joint Session with the Society of Economic 
Dynamics and Control) 
Presiding: JOHN B.'TAYLOR, Columbia University 
Papers: GREGORY C. Crow, Princeton University 
Estimation and Control of Rational Expectations Models 
MAURICE OBSTFELD, Columbia University 
Rational Expectations and Financial Policy in Open Economies 
ROBERT J. SHILLER, University of Pennsylvania 
Volatility Measures and Rational Expectations Models 
Discussants; ALBERT ANDO, University of Pennsylvania 
DALE HENDERSON, Board of Governors, Federal Reserve System 
Rosert Lucas, University of Chicago 


A 
8:00 a.m. Topics In PuBLic CHOICE (Joint Session with the Public Choice Society) 
Presiding: RicHaRD B. McKenzie, Clemson University 
Papers: RICHARD CEBULA, Emory University, AND James V. Koca, Emory University 
An Analysis of Selected Dimensions of Public Income Redistribution Policies in the United States 
During the 1960’s and the 1970's 
ROGER FAITH AND JAMES BUCHANAN, Virginia Polytechnic Institute and State University 
- Majority Voting on Yes-No Issues: Analogues and Contrasts with Voting on N-Alternatives 
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 DELORES Martin, University of Nebraska-Lincoln 
Weather Forecasting Services: Public and Private Choice 
Discussants: MORGAN REYNOLDS, Texas A&M University 
WiiiiaM Coss, West Virginia College of Graduate Studies 
HuGu. MACAULAY, Clemson University 


8:00 A.M. APPLICATIONS OF LONGITUDINAL PANEL DATA 
Presiding: JAMES N. MORGAN, University of Michigan 
Papers: HERBERT PARNES, Ohio State University 
An Overview of Results from the NLS 
SAUL HOFFMAN, University of Delaware, AND GREG DUNCAN, University of Michigan 
The Dynamics of Wage Rate Change . 
RICHARD COE AND MARTHA HILL, University of Michigan 
The Dynamics of Welfare Program Participation and Poverty Status 
LINDA DoTCHER AND MARY CORCORAN, University of Michigan 
The Role of Family Background in the Generation of Economic Status 
Discussants: PAUL TAUBMAN, University of Pennsylvania 
ZVI Griticues, Harvard University 
Ropsrt H. HAVEMAN, University of Wisconsin-Madison 


10:15 AM. ARE MARKETS EFFICIENT? TESTS OF ALTERNATIVE HyYPorHeses* (Joint Session with the American 
Finance Association) 
Presiding: IRWIN FRIEND, University of R ET , 
Papers: RICHARD A. COHN, University of Illinois at Chicago Circle, AND DONALD R. ARA 
Massachusetts Institute of Technology 
The Effect of Inflation on Stock Prices: International Evidence 
ROBERT J. SHILLER, University of Pennsylvania 
The Relationship between Financial Asset Prices and Subsequent Earnings 
Discussants: JOHN LINTNER, Harvard University 
JOHN B. Long, University of Rochester 
James R. F. Guy, Lehman Bros. Kuhn Loeb Investments 


10:15 A.M. RESOURCE ALLOCATION IN THE LOCAL PUBLIC SECTOR* 
‘Presiding: HELEN F. Lapp, Harvard University 
Papers: DENNIS EPPLE, Carnegie-Mellon University, AND ALLAN ZELENITZ, Tulane University 
Equilibria in Some Local Public Finance Models 
WALLACE E. Oates, University of Maryland 
On Local Finance and the Tiebout Model 
JOHN YINGER, Harvard University 
Capitalization and the Median Voter 
Discussants: PETER MIESZKOWSKI, University of Houston 
JANET Pack, University of Pennsylvania 
GEORGE ZopROW, Rice University 


10:15 A.M. MEASURING BENEFITS FROM AIR POLLUTION CONTROL: WHERE Do We STAND?* 
Presiding: ALLEN V. KNEESE, Resources for the Future, Inc. 
Papers: WILLIAM SCHULTZE, University of Wyoming 
Benefits from Reduced Mortality 
MAUREEN CROPPER, University of Southern. California 
Benefits from Reduced Morbidity 
SHERWIN ROSEN, University of Chicago 
Valuing Risk 
Discussant: A. MYRICK FREEMAN III, Bowdoin College | 


10:15 A.M. MONETARY THEORY: IMPLICATIONS FOR MONETARY POLICY* 
_ Presiding: ANDREW BRIMMER, Brimmer and Company, Inc. 
Papers: STEPHEN H. AXILROD AND Davin E. Linpsgy, Federal Reserve System 
Implementation of Monetary Policy: Analytical Foundations of the New Approach 
JacosB A. FRENKEL AND MICHAEL Mussa, University of Chicago: 
Monetary Policy in an Open Economy 
ANDREW BRIMMER, Brimmer and Company, Inc., AND ALLEN SNA Data Resources, Inc. _ 
Rational Expectations and the Conduct of Monetary Policy ` 
Discussants: RAYMOND E. LomBra, Pennsylvania State University 
RONALD I. McKinnon, Stanford University 
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10: 15 A.M. SUSTAINABILITY ANALYSIS* 
Presiding: EDWARD ZAJAC, Bell Laboratories 
Papers: JOHN C. PANZAR, Bell Laboratories, AND ROBERT WILLIG, Princeton University 
Economies of Scope 
KENNETH BASEMAN, U.S. Department of Justice . 
Sustainability and the Entry Process 
JANUSZ ORDOVER AND ANDREW SCHOTTER, New York University 
On the Political Sustainability of Taxes ` 
Discussants: Davip TkEcE, Stanford University, Graduate School of Business 
GUNTER KNiers, University. of Bonn 
SAM PELTZMAN, University of Chicago, Graduate School of Business 


10:15 A.M. ISSUES IN GOVERNMENT ECONOMIC REGULATION OF TRANSPORTATION IN THE 1980’s* Joint Session with 
the Transportation and Public Utilities Group of the AEA) 
Presiding: DONALD V. HARPER, University of Minnesota — 
Papers: Joun C. SPYCHALSKI, Pennsylvania State University 
Antitrust Standards and Railway Freight Pricing: New Round in an Old Debate 
BENJAMIN J. ALLEN, Iowa State University 
The Nature, Effectiveness, and Importance of Motor Common Carrier Service Obligations 
JOHN GUANDOLO, MacDonald and MelInerny, P.C. 2 . 
The Role of the Interstate Commerce Commission 
Discussant: ERNEST W. WILLIAMS, JR., Columbia University 


10:15 A.M. TECHNICAL CHANGE 
Presiding: ROBERT CROUCH, University of California-Santa Barbara 
Papers: DALE W. JORGENsoN, Harvard University, AND BARBARA M. FRAUMENI, Boston College 
Technical Change and Energy Prices 
, EDWIN MANSFIELD, University of Pennsylvania 
Imitation Costs, Patents, and Market Structure 
MURRAY BROWN AND RICHARD GREENBERG, State University of New York-Buffalo 
. Technical Change and Aggregation Bias _ 
Rosert CROUCH, University of California-Santa Barbara 
Learning, Technical Change, and the Aggregate Production Function 
Discussants: ROBERT M. SoLow, Massachusetts Institute of Technology 
`M. IsHag Napiri, New York University 
Nestor E. TERLECKYJ, National Planning Association 


10:15 A.M. ECONOMICS OF INFORMATION 
Presiding: HELENE EBENFIELD, National Science Foundation 
Papers: BETH ELAINE ALLEN, University of Pennsylvania 
Differential Information in Pure Exchange Economies 
YALE M. BRAUNSTEIN AND LAWRENCE B. PULLEY, Brandeis University ` 
Market Structure in Information Industries: An Empirical Study 
JosEPH E. STIGLITZ, Princeton University 
Information and Economic Incentives ` 


10:15 A.M. EMPIRICAL Pusiic CHoice (Joint Session with the Public Choice Society) 
Presiding: ROBERT D. TOLLISON, Virginia Polytechnic Institute and State University - 
Papers: MICHAEL MALONEY, Clemson University, AND ROBERT MCCORMICK, University of Rochester 
Property Rights and Cartels: Rent Distribution 
CoTron M. Linpsey, University of California-Los Angeles and Emory ‘University, AND STUART 
FEIGENBAUM, University of California-Los Angeles 
Buying Votes with the Public Purse 
ROBERT MACKAY AND CAROLYN WEAVER, Virginia Polytechnic-Institute and State University 
Bureau Consolidation and Growth of Government: An Empirical Investigation 
Discussants: RONALD BATCHELDER, Tulane University 
BARRY BAYSINGER, Texas A&M University 
Gary Lipecap, Texas A&M University 


10:15 A.M. CONTEMPORARY Economics AS A CHAPTER IN THE HISTORY OF: ROONOMIC TaoucHt (Joint Session with 
the History of Econoniics Society) 
Presiding: ROYALL BRANDIS, University of Illinois-Urbana 
Papers: LEONARD SILK, New York Times 
(Title to be announced) 
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DANEEL FusreLp, University of Michigan 
(Title to be announced) 
InGrip H. Rma, Temple University 
(Title to be announced) 
Discussant: KENNETH E. BOULDING, University of Colorado 


10:15 am. PoLICY Issues IN FINANCING SMALL AND MINORITY BUSINESSES (Joint Session with the National 
Economic Association) 
Presiding: ALFRED EDWARDS, University of Michigan 
Papers: WILLIAM DUNKELBERG, Purdue University 
Small Business Indicators of Credit Availability 
WILLIAM BRADFORD, Stanford University 
301(d) SBICs and Minority Business Finance 
Timotuy Bates, University of Vermont 
Effectiveness of the SBA in Financing Minority Businesses 
STEVEN E. Levy AND ALFRED E. OsBornz, University of California-Los Angeles 
Securities Regulation and Small Business Finance 
Discussants: WILLIAM HUNTER, University of Georgia 
David Bropuy, University of Michigan . 
Lucy Rusen, Duke University 


10:15 A.M. COMPARATIVE DIMENSIONS OF GRANTS ECONOMICS (Joint Session with the Association for the Study of 
the Grants Economy and the Association for Comparative Economic Studies) 
Presiding: EGON NEUBERGER, State University of New York-Stony Brook 
Papers: SUSAN ROSE-ACKERMAN, Yale University 
Charity Market: Paying Customers and Quality Control 
ESTELLE JAMES, State University of New York-Stony Brook 
The Non-Profit Sector in Less Developed Economies 
TIBOR PALANKEI, Karl Marx University of Economics, Budapest 
Measuring the Size and Leverage of Subsidies in Centrally Planned Economies 
Discussants: HENRY HANSMANN, University of Pennsylvania Law School 
Jonn MIcHAEL Montias, Yale University 
ALAN A. Brown, Windsor University 


10:15 a.M. THE EFFECT OF SOCIAL SECURITY ON SAVING AND BEQUESTS 
Presiding: MARTIN FELDSTEIN, Harvard University i 
Papers: PauL MENCHIK, Michigan State University, AND MARTIN Davip, University of Wisconsin 
The Effect of Social Security on Bequests 
ALAN S. BLINDER AND ROGER GORDON, Princeton University 
Social Security and Asset Accumulation of Older Men 
MICHAEL BOSKIN, Stanford University 
Social Security and Saving 
DEAN LEIMER AND SELIG Lesnoy, U.S. Social Security Administration 
Social Security and Private Saving 
Discussants: LAWRENCE KOTLIKOFF, University of California-Los Angeles 
ANTHONY PELLECHIO, University of Rochester 
Henry AARON, The Brookings Institution 


12:30 P.M. LUNCHEON IN HONOR OF THE 1979 NOBEL LAUREATES, W. ARTHUR LEWIS AND THEODORE SCHULTZE 
Presiding: Moses ABRAMOVITZ, Stanford University 
Speakers: WiLLIaM J. BAUMOL, Princeton University and New York University 
D. GALE JOHNSON, University of Chicago 


2:00 P.M. INCOMES PoLicy: WHat Dip We LEARN IN THE 197(0’s?* 
Presiding: ALBERT Rees, Alfred P, Sloan Foundation 
Papers: D. QUINN Miris, Harvard University 
U.S. Incomes Policy in the 1970’s: Assumptions, Objectives and Results 
Jon FRYE AND ROBERT J. GORDON, Northwestern University 
An Econometric Retrospective on Postwar U.S. Incomes Policies 
LAURENCE S. SEIDMAN, University of Pennsylvania 
Tradeoffs in the Design of an Incomes Policy 
Discussants: ALAN S. BLINDER, Princeton University 
Rospert W. CRANDALL, The Brookings Institution 
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2:00 P.M. ECONOMICS OF AFFIRMATIVE ACTION” 
Presiding: PERRY SHAPIRO, University of California-Santa Barbara 
Papers: GLENN Loury, University of Michigan 
Arguments for Affirmative Action 
Finis WELCH, University of California-Los Angeles 
(Title to be announced) 
Discussants: Finis WELCH, University of California-Los Angeles E 
GLENN Loury, University of Michigan l 


2:00 p.M. BEHAVIORAL-MICRO APPROACHES TO INFLATION* 
Presiding: HARVEY LEIBENSTEIN, Harvard University . 
Papers: SHLOMO MAITAL, Princeton University 
Inflation Expectations and the Changing Nature of Borrowing and Credit 
James W. DEAN, Columbia University 
Some Gaps in Conventional Inflation Theory 
HARVEY LEIBENSTEIN, Harvard University . 
Aspects of the Micro-Economics of Inflation: An X-Efficiency Theory Approach 
Discussants: PAUL DAVIDSON, Rutgers University-New Brunswick 
PATRICK CLAWSON, Seton Hall University D 


2:00 P.M. FREIGHT TRANSPORT REGULATION AND MARKET IMPERFECTIONS* 
Presiding: Darius W. Gaskins, Interstate Commerce Commission 
Papers: RusseLL C. Cuerry, Arthur D. Little, Inc. 
Market Structure and Concentration in the Regulated Trucking iiny 
ANN F. FRIEDLAENDER, Massachusetts Institute of Technology 
Price Distortions and. Second Best Investment Ranes: in the Transport Te 
RICHARD C: Levin, Yale University 
Railroad Regulation and Workable Competition 
Discussants: RONALD BRAUETIGAM, Northwestern University 
ANNETTE LAMonpD, Charles River Associates 
CLIFFORD WINSTON, Massachusetts Institute of Technology 


2:00 p.m. PANEL DISCUSSION IN HONOR OF PAUL SAMUELSON: ECONOMIC ‘THEORY AND POLICY 
Presiding: GEORGE R. FerweL, University of Tennessee 
Panelists: KENNETH J. ARROW, Stanford University - 
WILLIAM J. BAUMOL, Princeton University and New York University 
LAWRENCE KLEIN, University of Pennsylvania 
Rosert M. Sotow, Massachusetts Institute of Technology 


2:00 P.M. INTERNATIONAL COMPARISONS OF INCOME CONSUMPTION AND WELEARE (Joint Session with the Associa- 
tion for Comparative Economic Studies) 
Presiding: BELA BALASSA, Johns Hopkins University and World Bank 
Papers: IRVING B. KRAVIS, ALAN HESTON, AND ROBERT SUMMERS, University of Pennsylvania 
Changes in the World Income Distribution 
Rosin MARRIS, University of Maryland, AND HENRI THEIL, University of Chicago 
International Comparisons of Economic Welfare 
LauriTs R. CHRISTENSEN, DIANNE CUMMINGS, University. of Wisconsin-Madison, AND DALE W., 
. JORGENSON, Harvard University l 
. `. An International Comparison of Levels of Total Factor Productivity 
_ Discussants: ABRAM BERGSON, Harvard University 
‘W. Erwin Diewert, myn of British Columbia 


2:00 p.m. RECENT ECONOMISTS: THEIR Work AND THEIR LEGACY (Joint Session with the History of Economics 
Society) 
Presiding: PATRICIA Bowers, Brooklyn College 
Papers: EUGENE ROTWEIN, Queens College 
Jacob Viner and the Chicago Tradition 
LAWRENCE Moss, Babson College, AND KAREN I. VAUGHN, George Mason University 
Ludwig von Mises: The Austrian Tradition 
ANN SCHWIRR, Southern Illinois University at Edwardsville, AND JEROME F. SCHWIER, St. Louis 
Mr. Phillips and His Curve 
Discussants: (To be announced) 


% 
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2:00 P.M. RISK, LIABILITY, AND NEW TECHNOLOGY IN PUBLIC UTILITIES (Joint Session with the Transportation and 
Public Utilities Group of the AEA) 
Presiding: James SUELFLOW, Indiana University 
Papers: JOHN D. LONG, Indiana University 
The Limitations of Nuclear Insurance as a Risk Reduction Device in Electricity Production 
WILLIAM C. Woop, Vanderbilt University 
Responses of Electric Utilities to Changes in Liability for Nuclear Accidents 
Discussants: TERRY A. FERRAR, Edison Electric Institute 
RODNEY E. STEVENSON, University of Wisconsin-Madison 


2:00 P.M. ACHIEVING ECONOMIC EFFICIENCY AND Equiry IN INTERNATIONAL AGRICULTURAL TRADE AND 
DEVELOPMENT (Joint Session with the American Agricultural Economics Association) 
Presiding: KENNETH Nose, Colorado State University 
Papers: RAY GOLDBERG, Harvard University 
The Role of the Multinational Corporation 
JIMMYE HIiLLMAN, University of Arizona 
The Role of Export Cropping in Less Developed Countries 
_ALAIN DE JANvRY, University of California-Berkeley 
The Role of Land Reform 
Discussants: TERRY Ozawa, Colorado State SAVES 
MALCOLM BALE, World Bank 
DANIEL BROMLEY, University of Wisconsin 


2:00 P.M. Topics IN ECONOMICS OF Menila (Joint Session with Omicron Delta Epsilon) 
Presiding: MICHAEL SZENBERG, Long Island University l 
Papers: STEVEN WILDMAN, University of California-Los Angeles 
The Economic Consequences of the Informational Characteristics of Mass Media 
JOE GRUNDFEST, Stanford University 
Regulation in the Face of Uncertainty 
DaviD WATERMAN, University of Southern California and Occidental College 
Public Goods and the Structure of the Motion Picture Industry i 
JAMES DerTOUzOS, Rand Corporation 
Scale Economies, Newspaper Chains, and Government Policy 
Discussants: STEVE MALIN, City University of New York and The Conference Board 
STEPHEN KAGANN, St. Johns University 
KENNETH LEESON, New York University and National Telecommunications and Information 
Administration 


2:00 P.M. APPLICATIONS OF REGIONAL ECONOMETRIC MODELS 
Presiding: WILLIAM J. LAWRENCE, Pace University 
Papers: BENJAMIN CHINITZ, Abt Associates, AND ROGER Borton, Williams College 
~ Multiregional Models in Policy Planning: A Survey 
DAVE KresGe, Harvard-M.1.T. Joint Center for Urban Studies 
(Title to be announced) 
Davip BETSON, SHELDON DANZIGER, AND Raw H. HAVEMAN, University of Wisconsin-Madison 
Estimating the Regional and Distributional Impacts of Wage Subsidy Policies 
LEONARD FORMAN, New York Times, AND WILLIAM J. LAWRENCE, Pace University 
Linking Regional Econometric Models and Corporate Planning Models 
Discussants: (To ‘be announced) 


2:00 P.M. DISEQUILIBRIUM ECONOMICS AND THE EVOLUTIONARY VISION | 
Presiding: Fritz MACHLUP, Princeton University and New: York University 
Papers: KENNETH E. BOULDING, University of Colorado 
From Entropy to Autopoiesis: Contributions to Economics from Other Disciplines 
RicHarD H. Day, University of Southern California | 
Crises and Chaos in Economic Development: A General Theory of the Paname Economy 
SIDNEY G. WINTER, Yale University 
Persistent Inefficiencies in Economic Evolutionary Processes l 
BRADFORD CORNELL AND RICHARD ROLL, University of California-Los aa 
Evolutionary Stable Strategies in Markets and Economie Organizations 
Discussants: (To be announced) 
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4:15 p.m. MODELS OF LABOR MARKET EQUILIBRIUM* 
Presiding: DALE T. MORTENSEN, Northwestern University 
Papers: SANFORD GROSSMAN, University of „Pennsylvania, AND -OLIVER Hart, Churchill College, 
Cambridge University l 
Contracting Subject to Asymmetric Information 
BENGT HOLMSTROM, Nortkwestern University ` 
Long-Term Contracts and Labor Market Equilibrium 
KENNETH BURDETT, University of Wisconsin-Madison, AND Dae T. MORTENSEN, Northwestern 
University : 
Immobility and Labor Market Equilibrium 
Discussants: (To be announced) ` 


_ 4:15 P.M. THE MONETARIST CONTRIBUTION TO’ MACROECONOMICS* 
Presiding: JEROME L. Stein, Brown University 
Papers: BENNETT McCALLUM, University of Virginia 
Monetarism and Rational Expectations 
JEROME L. STEIN, Brown University 
Monetarist, Keynesian, and the New Classical Economics © 
Jonn B. TAYLOR, Columbia University i 
High Inflation and Monetary Stability 
Discussants: ALBERT ANDO, University of Pennsylvania ` 
KARL BRUNNER, University of Rochester 
CARL F, CHRIST, Johns Hopkins vane 


4: 15 p.m. TRE PRODUCTIVITY GROWTH SLOWDOWN* 
Presiding: ERNsT R. BERNDT, Massachusetts Institute of Terunology 
Papers: M. IsHaQ Napiri, New York University 
Technical Change, Returns to Scale, and the Growth Slowdown - 
G. CHRISTAINSEN AND ROBERT H. HAVEMAN, University of Wisconsin-Madison 
Regulation and Productivity Growth: The Nature and Extent of the Interaction 
MartIN N. Baity, The Brookings Institution 
What Do We Know Abaut the Productivity Growth Slowdown? 
Discussants: ERNST R. BERNDT, Massachusetts Institute of Technology 
RICHARD C. Levin, Yale University 
DALE W. JORGENSON, Harvard University 


4:15 P.M. LAW AND ECONOMICS IN AN ENVIRONMENT WITH IMPERFECT INFORMATION* 
Presiding: ANDREW SCHOTTER, New York University 
Papers: JANUSZ ORDOVER, New York University, AND ANDREW Wess, Bell Laboratories 
An Economic Basis of Unconscionability 
RICHARD A. Posner, University of Chicago Law School 
The Economics of Privacy 
STEVEN SALOP AND HOWARD BEALES, Federal Trade Commission 
Consumer Information Remedies 
STEVEN SHAVELL, Harvard University 
Efficiency and Equity in Legal Rule Making: Should Equity Matter Given i dai Income Tax? 
Discussant: LEWIS KORNHAUSER, New York University Law School ; 


4; 15: P.M. SIZE AND POLICY IMPLICATIONS OF THE “UNDERGROUND ECONOMY” ' 
Presiding: PAUL B. MANCHESTER, Joint Economic Committee, U.S Congress 
Papers: Vrro Tanzi, International Monetary Fund 
Impact of the Underground Economy on Tax Evasion 
BERD) KENADJIAN, U.S. Internal Revenue Service 
The Direct Approach to Measuring the Underground Economy: IRS Estimates of Unreported 
Income . 
EDGAR FEIGE, University of Wisconsin-Madison 
The Theory and Measurement of the Unobserved Sector of the US. Economy: Causes, Con- 
sequences, and Implications 
J. S. CRAMER, University of Amsterdam 
Stocks and Flows in the Irregular Economy 
Discussants: RICHARD PORTER, U.S. Federal Reserve System. 
ROBERT EISNER, Northwestern University 
JAMES HENRY, McKinsey and Company 
BARRY MOLEFSKY, Congressional Research Service, U.S. ee of Congress 


on 
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4:15 P.M. ECONOMIC GROWTH AND THE QUALITY OF LIFE 
Presiding: RONALD G. RIDKER, Resources for the Future 
Papers: ROLAND N. McKgan, University of Virginia 
The Economics of Negative Growth 
WALTON T. WILFORD AND DAVID A. LARSON, eae of New Orleans 
On Measuring the Quality of Life 
WALTER W. Haines, New York University 
Keynes and His Grandchildren: A 50th Anniversary Reflection on Growth and Life 
Discussanis: Evsey D. Domar, Massachusetts Institute of Technology 
MARK A. Lutz, University of Maine 
A. Myrick FREEMAN III, Bowdoin College 


4:13 P.M. ECONOMIC ANALYSIS WITHIN A CAPITALIST FRAMEWORK 
Presiding: HYMAN P. MINSKY, Washington University, St. Louis 
Papers: JAN KREGEL, Rutgers University, and Rijksuniversiteit te Groningen, The Netherlands 
Expectations and Rationality in a Capitalist Framework 
EDWARD NELL, New School for Social Research 
Pricing and Investment in Competitive and Corporate Markets 
JACOB CoHEN, University of Pittsburgh 
_ A Flow Constrained Approach to Monetary Theory 
Discussants: Net. WALLACE, University of Minnesota ` 
E. Roy Werntraus, Duke University 
OLIVIER BLANCHARD, Harvard University 


4:15 P.M. THE NEW Economics OF LABOR UNIONS 
Presiding: JoserH D. REID, JR., Virginia Polytechnic Institute and State University 
Papers: ROGER L. FAITH AND Josepn D. Rrip, JR., Virginia Polytechnic Institute and State University 
The Labor Union as its Members’ Agent 
Henry S. FARBER, Massachusetts Institute of Technology 
An Analysis of Hicks’ Theory of Industrial Disputes 
JAMES B. Kau AND PAUL H. Rues, University of Georgia 
The Political Influence of Unions on Congressional Voting 
Discussanis: H. GREGG Lewis, Duke University 
MELVIN W. Reper, University of Chicago 


4:15 P.M. EXPERIMENTAL METHODS APPLIED TO EMPLOYMENT AND TRAINING: SUPPORTED WORK 
Presiding: ROBIN G. HOLLISTER, Swarthmore College and Mathematica Policy Research, Inc. 
Papers: REBECCA MAYNARD, Mathematica Policy Research, Inc. 

Youth: A Test of Direct Employment 

KATHY DICKINSON AND IRVING PILIAVIN, Institute for Research on Poverty, University of Wiscon- 
sin-Madison 
Ex-Addicts and Ex-Offenders: Employment and Recidivism 

STANLEY MASTERS, Institute for Research on Poverty, University of Wisconsin-Madison 
Women from AFDC: Work and Welfare 

PETER Kemper, DAVID LONG, AND CRAIG THORNTON, Mathematica Policy Research, Inc. 
A Benefit-Cost Analysis of the Supported Work Experiment 

Discussants: Ernst W. STROMSDORFER, Abt Associates 
MICHAEL WISEMAN, University of California-Berkeley 


4:15 P.M. DEMANDS FOR HEALTH CARE SERVICES (Joint Session with the Health Economics Research Organization) 
Presiding: Louis Rossiter, National Center for Health Services, U.S. Department of Health, 
Education, and Welfare 
Papers: WILLARD G. MANNING, JoserH P. NEWHOUSE, C. N. Monis et al., Rand Corporation 
Experimental Results on the Demand for Medical Care Services: Findings from the Health 
Insurance Study 
STUART GUTERMAN, KATHRYN M. LANGWELL, AND ROBERT T. PRIOR Applied Management 
Sciences, Inc. 
Utilization of Dental Services at Zero Price and Full Price: A Corüparative Examination of Two 
Groups 
DEBORAH A. FREUND, University of North Carolina 
Black-White Differentials and the Demand for Medical Care: How Close Are. We to Parity? 
Discussants: HERBERT E. KLARMAN, New York University 
JosePH Lipscoms, Duke University 
BERNADETTE CHACHERE, Health Care Financing Administration, U.S. Department of Health, 
Education, and Welfare 


548 THE AMERICAN ECONOMIC REVIEW ` JUNE 1980 


4:15 P.M. PRICING AND COMPETITION IN PuBLIc UtitiTies (Joint Session with the: Transportation and Public 
Utilities Group of the AEA) 
Presiding: JOHN C. SPYCHALSKI, Pennsylvania State University 
Papers: MANLEY R. IRWIN, University of New Hampshire 
. Price and Non-Price Competition in Communications: The Next Ten Years 
JACKALYNE P. SMTA, California Public Utilities Commission 
Impact of New Departures in Electricity Pricing 
Discussants: EDYTHE S. MILLER, Colorado Public Utilities Commission 
WILLIAM VICKREY, Columbia University 


8:00 P.M. PRESIDENTIAL ADDRESS 
Presiding: KENNETH J. ARROW, Stanford University 
Speaker: MOSES ABRAMOVITZ, Stanford University 


9:30 P.M. BUSINESS MEETING 
Sunday, September 7, 1980 


8:00 A.M. APPLICATIONS OF PRODUCTION THEORY AND THEORY-CHOICE ANALYSIS 
Presiding: JAMES CICARELLI, State University of New York-Oswego ` 
Papers: BRUCE J. CALDWELL, University of North Carolina-Greensboro 
The Analysis of Theory-Choice in Economics: Some Possible Alternatives, 
JOHN B. Loomis, U.S. Fish and Wildlife Service 
Increasing Commodity and Amenity Production from Government Owned Land: Lessons from 
Trade Theory 
WILLIAM L. Marr, Wilfrid Laurier University 
The Wheat Economy in Reverse: Ontario’s Wheat Production, 1887-1917 
LAWRENCE SPIZMAN AND JAMES CICARELLI, State University of New On Oneeee 
The Production of Economic Knowledge 
Discussants: JACK EDWARDS, U.S. Bureau of Land Management 
VINCENT TARASCIO, University of North. Carolina-Chapel Hill 
STEPHEN DECANIO, University of California-Santa Barbara 
JOHN J. SIEGFRIED, Vanderbilt University 


8:00 A.M. ESTIMATING THE DEMAND FOR GOODS OF VARYING QUALITY 
Presiding: ROBERT MENDELSOHN, University of Washington 
Papers: JACK TRIPLETT, U.S. Bureau of Labor Statistics 

Nonlinear Budget Constraints in Characteristics Space 

GARDNER BROWN AND ROBERT MENDELSOHN, University of Washington 
- The Demand for Hunting of Varying Qualitiés 

Jonn QuiGtey, University of California~-Berkeley 
Consumer Demand for the Attributes of Housing Quality 

Jonn Karn, Harvard University 
(Title to be announced) 

Discussants: A. MYRICK FREEMAN III, Bowdoin College 
(Others to be announced) , 


10:15 A.M. THE ECONOMICS OF RECESSIONS* 
Presiding: RoBERT E. HALL, Stanford University 
Papers: OLIVIER BLANCHARD, Harvard University 
Is There Such a Thing as an Anticipated Recession? 
BEN BERNANKE, Stanford University 
Liquidity Constraints, Bankruptcy, and Recession 
Ray FAIR, Yale University 
Estimated Effects of the October 1979 Changes in Monetary Roney on the 1980 Economy 
Discussants: LAURENCE WEIsSs. Yale University 
PAUL Evans, Stanford University 


10:15 A.M. NEw DEVELOPMENTS IN THE DESIGN OF MONETARY PoLicy (Joint Session with the Amena Finance 
Association) 
Presiding: Cari F. Curist, Johns Hopkins University 
Papers: PETER TINSLEY, BONNIE GARRETT, ALFRED NORMAN; P.A. V. B. Swamy, AND PETER 
VON ZUR MUHLEN, Board of Governors of the Federal Reserve System l 
The Impact of Uncertainty on the Feasibility of the Humphrey-Hawkins Objectives 


Ed 
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DAVID PIERCE, WILLIAM CLEVELAND, AGUSTIN MARAVALL, AND DARRELL PARKE, Board of Gover- 
nors of the Federal Reserve System 
Uncertainty in the Monetary Aggregates: Sources, Measurement, and Policy Effects 
- WILLIAM BARNETT, PAUL SPINDT, AND EDWARD OFFENBACHER, Board of Governors of the Federal 
Reserve System 
New Concepts of Aggregated Money and their Expected Information Content 
GEORGE Moorg, WILLIAM CONRAD, AND GARRY SCHINASI, Board of Governors of the Federal 
Reserve System 
A Non-Neutral View of Neutrality: The Cost of Capital and Monetary Policy 
Discussants: RoBERT M. SoLow, Massachusetts Institute of Technology 
Louis J. Maccmt, Johns Hopkins University: 
CHRISTOPHER Sims, University of Minnesota 
W. Erwin Diewert, University of British Columbia 


10:15 A.M. ISsuES IN URBAN TRANSPORTATION IN THE 1980’s (Joint Session with the Transportation and Public 
Utilities Group of the AEA) 
Presiding: FREDERICK J. STEPHENSON, University of Georgia 
Papers: Ray A. Munpy, University of Tennessee 
Public Mass Transportation Management Trends in the 1980’s 
RoBERT C. Lies, Northeastern University 
Urban Transportation: Labor in the 1980's 
DENNIS R. McDermott, Virginia Commonwealth University 
Urban Goods Movement: State of the Art and Future Perspectives . 
Discussant: GEORGE M. SMERK, Indiana University 


10:15 A.M. WORLD INFLATION 
Presiding: MYRON J. FRANKMAN, McGill University 
Papers: JALEEL AHMAD, Concordia University 
- Floating Exchange Rates and World Inflation 
RUSSELL BOYER, ee University AND GEOFFREY KINGSTON, University of Western 
Ontario 
Fiscal Deficits, Monetary Growth and Inflation Rates: U.S. and Canadian Postwar Experience 
DouGLas Purvis, Queen’s University 
International Aspects of Inflation 
M. SAKBANI, United Nations Conference on Trade and Development 
Trends and Causes of Inflation in Developing Countries 
Discussants: JAMES RIiepeL, Johns Hopkins University 
RoBERT M. Dunn, JR., George Washington University 
WALTER ENDERS, lowa State University 
CRAIG MAcPuer, University of Nebraska 


10:15 A.M. MANAGING MUNICIPAL SERVICES IN THE ABSENCE OF COMMUNITY GROWTH 
PRESIDING: RICHARD E. SCHULER, Cornell University 
Papers: WALTER LYNN AND RICHARD SCHULER, Cornell University 
Shrinking Capital Intensive Public Facilities: Theoretical and Institutional Issues 
GEORGE TOLLEY AND Larry HUcKINS, University of Chicago 
‘Explaining Municipal Capital -Expenditures under Economic Change 
Roy BAHL AND LARRY SCHROEDER, Syracuse: University 
Adjusting State and Local Government Budgets During Periods of Slow Economic Growth 
WILBUR THOMPSON, Wayne State University 
Balanced Contraction: A Synthesis 
Discussants: JOHN QUIGLEY, University of California-Berkeley 
BENJAMIN Cuinirz, Abt Associates and State University of New York-Binghamton 
GEORGE PETERSON, The Urban Institute 


Editor’s Note 
*Papers from sessions marked with an asterisk will be published in the Papers and Proceedings issue of the 


Review, May 1981. 


ANNOUNCEMENTS 


The ninety-third annual meeting of the American 
Economic Association will be held in Denver, Col- 
orado, September 5-7, 1980. The Professional Place- 
ment Service will be held December 28-30, 1980 at the 
Dallas Hilton, Dallas, Texas. Operating hours will be 
December 28, 10:00 a.m.—5:00 p.m., December 29, 9:00 
A.M.—5:00 P.M., December 30, 9:00 a.m.—2:00 P.M. 

Requests for placement forms should be made 
to Ms. Janet Aschenbrenner, National Registry for 
Economists, Illinois Job Service, 40 West Adams 
Street,Chicago, IL 60603 between September 1 and 
November 15. Note: No forms will be mailed prior to 
September; however, they will be available at the 
American Economic Association booth at the annual 
meeting. Completed forms must be returned by Decem- 
’ ber 1. You do not have to attend the meeting to have 
your listing on file. There is no registration fee. 


Resolutions for Consideration at the 
Annual Business Meeting 


The Executive Committee at its meeting on March 
8, 1974 voted to require that, to be considered at the 
annual business meeting, proposed resolutions must be 
submitted to the Secretary at least one month in 
advance in writing with signatures of the proposer and 
the second, both of whom must be members in good 
standing. The Secretary will reproduce the proposed 
resolutions and make copies available in advance of the 
meeting. The next business meeting will begin at 9:30 
p.m. on September 6, 1980. The deadline for proposed 
resolutions is accordingly August 6. They should be 
sent to the Secretary, American Economic Association, 
1313 21st Avenue, So., Suite 809, Nashville, TN 37212. 


Nominations for AEA Officers: 1981 


The Electoral College on March 21 chose Gardner 
Ackley as nominee for President-Elect of the American 
Economic Association in the balloting to be held in the 
autumn of 1980. Other nominees (chosen by the 1980 
Nominating Committee) are: Vice-President (two to be 
elected), Otto Eckstein, Leonid Hurwicz, Dale W. 
Jorgenson, and Alice Rivlin; for members of the Ex- 
ecutive Committee (two to be elected), Elizabeth 
Bailey, Robert J. Gordon, Jacob Mincer, and Sherwin 
Rosen. : 

Under a change in the bylaws as described in the 
Papers and Proceedings of this Review, May 1971, page 
472, additional candidates may be nominated by peti- 
tion, delivered to the Secretary by August 1, including 
signatures and addresses of not less than 6 percent of 
the membership of the Association for the office of 
President-Elect, and not less than 4 percent for each of 
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the other offices. For the purpose of circulating peti- 
tions, address labels will be made available by the 
Secretary at cost, 


1981 Nominating Committee of AEA 


In Accordance with Section IV, paragraph 2, of the 
bylaws of the American Economic Association as 
amended in 1972, President-Elect William Baumol has 
appointed a Nominating Committee for 1981 consisting 
of Carl F. Christ, Chair; Marcus Alexis, Robert Dorf- 
man, Juanita Kreps, Lester Lave, Lester Thurow, and 
Robert Willig. Attention of members is called to the 
part of the bylaw reading, “In addition to appointees 
chosen by the President-Elect, the Committee shall 
include any other member of the Association 
nominated by petition . including signatures and 
addresses of not less than 2 percent of the members of 
the Association, delivered to the Secretary before De- 
cember !. No ‘member of the Association may validly 
petition for more than one nominee for the Committee. 
The names of the Committee shall be announced to the 
membership immediately following its appointment 
and the membership invited to suggest nominees for 
the various officers to the Committee.” 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada, that 
are concerned with the humanistic aspects of their 
discipline are eligible to apply for small travel grants of 
the American Council of Learned Societies. Financial 
assistance is limited to air fare between major commer- 
cial airports and will not exceed one-half of projected 
economy-class fare. Social scientists and legal scholars 
who specialize in the history or philosophy of their 
disciplines are eligible if the meeting they wish to 
attend is so oriented. Applicants must hold a Ph.D. 
degree or its equivalent, and must be citizens or perma- 
nent residents of the United States, To be eligible, 
proposed meetings must be broadly international in 
sponsorship or participation, or both. The deadlines for 
applications to be received in the ACLS office are: 
meetings scheduled between July and October, March 
l; for meetings scheduled between November and 
February, July 1; for meetings scheduled between 
March and June, November 1. Please request applica- 
tion forms by writing directly to the ACLS (Attention: 
Travel Grant Program), 800 Third Avenue, New York, 
NY 10022, setting forth the name, dates, place, and 
sponsorship of the meeting, as well as a brief statement 
describing the nature of your proposed role in the 
meeting. Even when plans are incomplete, a prospec- 
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tive applicant should request forms in advance of the 
cut-off date, since deadlines are firm and no exceptions 
are permitted. Awards will be announced approxi- 
mately two months after each deadline. 


New Journal-Call for Papers: The Western Tax 
Association, together with Washington State Univer- 
sity, announces its new refereed journal, Western Tax 
Review. The WTR will deal with all aspects of public 
finance, but especially with major questions of public 
policy. Initially, it will appear once a year. To submit a 
paper, send three copies to Professor Reed R. Hansen, 
Editor, College of Economics and Business, Washing- 
ton State University, Pullman, WA 99163. The submis- 
sion fee is $30 for nonmembers and $20 for members, 
half of which will be refunded for papers not accepted. 


The International Institute of Public Finance will 
hold its thirty-sixth World Congress of Public Finance 
in Jerusalem, Israel, August 25-29, 1980. The topic will 
be “Public Finance and Public Employment” (in 
market and socialist economies). For more informa- 
tion, contact Professor Horst Claus Recktenwald, 
President of IIPF, Friedrich-Alexander-Universitat 
Erlangen-Nurnberg, Lange Gasse 20, 8500 Nurnberg, 
Germany. The World Congress of Public Finance in 
September 1981 will be held in Tokyo, Japan. 


Twelve long-term (six to ten months) and nine 
short-term (two to three months) research awards, 
without restriction as to field, are offered for 1981—82 
by the Indo-U.S. Subcommission on Education and 
Culture. Applicants must be U.S. citizens at the post- 
doctoral or equivalent professional level. The fellow- 
ship program seeks to open new channels of com- 
munication between academic and professional groups 
in the United States and India, and to encourage a 
wider range of research activity between the two 
countries than has previously existed. Therefore, schol- 
ars and professionals who have limited or no experi- 
ence in India are especially encouraged to apply. The 
application deadline is July 1, 1980. Forms and further 
information are available from the Council for Interna- 
tional Exchange of Scholars, Attention: Indo-American 
Fellowship Program, Eleven Dupont Circle, Washing- 
ton, DC 20036, telephone 202 + 833-4978. 


The International Union for the Scientific Study of 
Population (IUSSP) is a nonprofit, scientific organiza- 
tion founded in 1928. Its primary objective is the 
advancement of the sciences of demography. Con- 
ferences on a full range of topics are organized by the 
Union every four years; smaller conferences of interest 
to specialists or of particular relevance to particular 
regions are held between the quadrennial general meet- 
ings. The 1977 general meeting was in Mexico; the 
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1981 meeting will be held in Manila. There are cur- 
rently seven scientific committees and four working 
groups of the Union that stimulate research and ex- 
change ideas in areas that seem inadequately devel- 
oped, primarily by means of holding seminars on 
specific topics. The Union publishes Proceedings of its 
meetings and of the seminars sponsored by its com- 
mittees, and a series of IUSSP papers. Conference 
Proceedings are distributed to all registered par- 
ticipants and are available to members at a discount 
price. Members also receive the IUSSP papers and 
are provided with subscriptions to four special- 
ized journals: Population (Paris); Population Studies 
(London); Genus (Rome); Population Index (Priceton). 
Individuals interested in joining the Union may 
request nomination forms from the Executive Sec- 
retary, IUSSP, 5 rue Forgeur, 4000 Liège, Belgium. 


The third International Time-Series Meeting (first 
American conference) will be held August 14-15, 1980 
at the Shamrock Hilton Hotel, Houston, Texas. The 
conference will convene immediately following the 
American Statistical Association meetings at the same 
location. For further information, contact M. Ray 
Perryman, Director, Center for the Advancement of 
Economic Analysis, Hankamer School of Business, 
Baylor University, Waco, TX 76706. 


Call for Papers: The Rocky Mountain Conference 
on British Studies will hold its annual meeting October 
10-11, 1980 at Fort Lewis College, Durango, Colorado. 
Submit paper proposals by July 1 to Stanley Palmer, 
Department of History, University of Texas, Arlington, 
TX 76019. For general information, contact Larry 
Gasser, Department of English, Fort Lewis College, 
Durango, CO 81301. 


Call for Papers: The Conference on Research in 
Income and Wealth will hold a conference on the 
Measurement of: Wages in the fall, 1981. The con- 
ference’s focus will be on total labor compensation 
(including traditional fringes, hiring, and training costs, 
and costs associated with nonpecuniary benefits) as an 
input cost to employers. Papers are invited which pre- 
sent empirical research on any of these subjects. 
Authors should also be prepared to draw implications 
from their research results for the kinds of data that 
should be collected or for the way labor cost data 
should be measured. Proposals should be submitted to 
Jack E. Triplett, Assistant Commissioner for Research 
and Evaluation, Rm 2021, U.S. Bureau of Labor Statis- 
tics, 441 G St., NW, Washington, DC 20212. 


The Midwest Economics Association will hold its 
next meeting April 3-5, 1981 at the Galt House 
in Louisville, Kentucky. Program suggestions should 
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be sent now to Professor Burton Weisbrod, MEA 
President, Department of Economics, University of 
Wisconsin, Madison, WI 53706. For general MEA in- 
formation, contact Professor Allen F. Larsen, MEA 
Secretary-Treasurer, Department of Economics, St. 
Cloud State University, St. Cloud, MN 56301. 


The World Rehabilitation Fund International Ex- 
change of Information in Rehabilitation announces the 
availability of a monograph: The Value of Independent 
Living: Looking at Cost Effectiveness in the U.K. 
(Issues for Discussion in the U.S.), written by Jean 
Simkins, The Economist Intelligence Unit, London. 
This monograph has been written and published under 
a rehabilitation services administration grant which 
addresses itself to the filling of information gaps in the 
United States by arranging for foreign experts to write 
monographs in areas of concern. To obtain a copy, 
write Ms. Diane Woods, Dissemination, World Re- 
habilitation Fund, 400 East 34th St, New York, NY 
11016. 


Members of the NBER-NSF Seminar on Bayesian 
Inference in Econometrics and Statistics are pleased to 
announce the institution of an annual Leonard J. 
Savage Award of five hundred dollars ($500) for an 
outstanding doctoral dissertation in the area of Baye- 
sian Econometrics and Statistics. To be considered for 
the 1980 Savage Award, a doctoral dissertation must be 
submitted by the dissertation supervisor before July 1, 
1980 and accompanied by a short letter from the super- 
visor summarizing the main results of the dissertation. 
Dissertations completed after January 1, 1977 are eligi- 
ble to be considered for the 1980 Savage Award. An 
Evaluation Committee will be appointed by the board 
of the Leonard J. Savage Memorial Trust Fund (M. H. 
DeGroot, S. E. Fienberg, S. Geisser, J. B. Kadane, E. 
E. Leamer, J. W. Pratt and A. Zellner, chairman) to 
evaluate dissertations that are submitted for the Savage 
Award. Dissertations and supporting letters should be 
sent to Professor Arnold Zellner, Graduate School of 
Business, University of Chicago, ae East 58th Street, 
Chicago, Illinois 60637. 


Sloan Research Fellowships in Economics: Nomina- 
tions are now being accepted for six fellowships to be 
awarded in 1981 to young faculty members (no more 
than 32 years of age). Direct applications are not 
accepted. The deadline for nominations is September 
15, 1980. For full information and nomination forms, 
contact Sloan Research Fellowships, Alfred P. Sloan 
Foundation, 650 Fifth Avenue, New York, NY 10020. 


The Sixth Symposium on Statistics and the Environ- 
ment will be held at the National Academy of Sciences 
on October 6-7, 1980. The Symposium provides a 
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forum for policymakers, scientists, and people affected 
by environmental decisions. It will focus on how statis- 
tics, economics, epidemiology, toxicology, and other 
scientific bodies of information are used in environ- 
mental decisions by administrative agencies, legisla- 
tures, and the courts. Those interested should contact 
the AEA representative to the Steering Committee for 
the Sixth Symposium, Eugene Seskin, Bureau of Eco- 
nomic Analysis, BE-62A, 1401 K Street, NW, Washing- 
ton, D.C. 20230 (telephone 202 + 523-0734). 


Symposium on Economic and Social Value of Weather 
and Climate Information, January 28-29, 1981, San 
Diego: Call for Paper: Cosponsored by the American 
Economic Association, the American Agricultural Eco- 
nomic Association, and the American Meteorological 
Society as part of the AMS annual meeting, the objec- 
tives are to describe methods of measuring meteoro- 
logical information value and to present results of case 
studies, Those working in this area are invited to sub- 
mit a detailed one-page abstract no later than August I, 
1980 to Dr. Allen H. Murphy, Department of Atmo- 
spheric Sciences, Oregon State University, Corvallis, 
Oregon 97331. Selections will be made by the Program 
Committee consisting of Murphy for AMS, Charles W. 
Howe for the AEA, and Ludwig Eisgruber for AAEA, 
and will be announced September 15th. 


Death 


- Bobby L. Hamm, professor of economics, Louisiana 
Tech University, Nov. 18, 1979. 


Retirements 


George H. Cochran, associate professor, department 
of economics, Kent State University, June 15, 1979. 

Finn B. Jensen, professor of economics, Lehigh Uni- 
versity, June 1979. 

Vito Natrella, director, Statistics Division, Internal 
Revenue Service, Jan. 5, 1980. 
` Ernest F. Patterson, professor of economics, David- 
son College, June 1979. 

L. Reed Tripp, professor of economics, Lehigh Uni- 
versity, June 1979. 

William J. Weiskopf, professor, department of eco- 
nomics, Kent State University, Jan. 1, 1980. 


Visiting Foreign Scholars 


Richard T. Baillie, University of Aston, England: 
visiting associate professor, department of economics, 
Wayne State University, 1979-80. 

Alfred R. Endres, Konstanz, West Germany: visit- 
ing assistant professor, department of economics, State 
University of New York-Buffalo, Sept. 1, 1979-July 1, 
1980. 

James Harris, University of Singapore: visiting 
assistant professor, department of economics, Wayne 
State University, 1979-80. 
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Michael Landsberger, Haifa, Israel: visiting pro- 


fessor, department of economics, State University of | 


New York-Buffalo, summer 1980. 

Patrick McMahon, University of Birmingham, Eng- 
land: visiting associate professor, department of eco- 
nomics, Wayne State University, spring 1980. 


Promotions 


Raj Aggarwal: professor of finance and interna- 
tional business, University of Toledo, 1979. 

Jeffrey I. Chapman: associate professor of public 
administration, School of Public Administration, Uni- 
versity of Southern California, Sept. 1, 1979. 

James A. Hanson: professor of economics, Brown 
University, July 1, 1980. | 

John R. McNamara: professor of economics, Lehigh 
University, Sept: 1, 1979. 

Arturo C. Porzecanski: associate economist, Morgan 
Guaranty Trust Company of New York, Nov. 1, 1979. 


Administrative Appointments 


Edward B. Bell: chairman, department of econom- 
ics, Cleveland State University, July 1979. 

Paul H. Engelmann: chairman, department of eco- 
nomics, Central Missouri State University, Sept. 1, 
1979. . 

Alvin N. Puryear: vice president for organization 
and management, Ford Foundation, Feb. 1, 1980. 

Leon M. Schur: acting chancellor, University of 
Wisconsin-Milwaukee, Sept. 1, 1979. 

Arthur W. Wright: professor and head, department 
of economics, University of Connecticut, Sept. 1, 1979. 


Appointments 


Frances E. Altvatter, University of Pennsylvania: : 


assistant professor of economics, Bryn Mawr College, 
Sept. 1979. 

William R. Bowman, Goucher College: assistant 
professor, economics department, U.S. Naval Acad- 
emy, Aug. 1979. i 

Kristine L. Chase, University of Maryland: visiting 
assistant professor, economics department, U.S. Naval 
Academy, Aug. 1979. 

Deborah J. Danker: economist, international re- 
search department, Industrial Economies Division, 
Federal Reserve Bank of New York, Dec. 3, 1979. 

W. Davis Dechert: assistant professor of economics, 
State University of New York-Buffalo, Sept. 1, 1979. 

Frank T. de Vyver: visiting professor, department of 
economics, Davidson College, fall term 1979-80. 

James A. Duffield: research associate, department 
of economics, Iowa State University, Oct. 19, 1979. 
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Thomas J. Espenshade, Florida State University: 
senior research associate, Women and Family Policy 
Research Program, The Urban Institute, Jan. 1980. 

Gilbert R. Ghez, University of Illinois-Chicago 
Circle:. associate professor of management and eco- 
nomics, Roosevelt University, Sept. 1, 1979. 

William S. Haraf: assistant professor of economics, 
Brown University, July 1, 1979. 

Samuel P. Hayes: staff consultant, Committee on 
Agriculture, U.S. House of Representatives, July 19, 
1979. 

Thomas J. Hyclak: assistant professor of economics, 
Lehigh. University, Sept. 1, 1979. 

Laurence G. Kantor: instructor, economics depart- 
ment, Lehigh University, Jan. 1, 1980. 

Stephen Karlson, University of Wisconsin: assistant 
professor, department of economics, Wayne State Uni- 
versity, fall 1979. 

Daniel Kohler, University of Michigan: assistant 
professor, department of economics, Wayne State Uni- 
versity, fall 1979. 

Ralph Kolinski, University of Windsor, Canada: 
visiting lecturer, department of economics, Wayne 
State University, 1979-80. ` 

Richard D. Marcus, University of Chicago: instruc- 
tor, department of economics, Cleveland State Univer- 
sity, Sept. 1979. 

Michael J. Monson: research associate, department 
of economics, Iowa State University, Oct. 15, 1979. 

Kazuo Nishimura: assistant professor of economics, 
State University of New York-Buffalo, Sept. 1, 1979. 

Clark G. Ross: assistant professor, department of 
economics, Davidson College, Sept. 1979. 

David J. Salant: assistant professor of economics, 
State University of New York-Buffalo, Sept. 1, 1979. 

James S. Shortle: research associate, department of 
economics, Iowa State University, Nov. 1, 1979. 

W. Tate Whitman: visiting professor, department of 
economics, Davidson College, winter term 1979-80. 

Lee D. Zinser: research associate, department of 
economics, Iowa State University, Oct. 15, 1979. 


Leaves for Special Appointment 


Robert L. Avinger, Davidson College: visiting re- 
search fellow, Institute of United States Studies; and 
academic visitor, London School of Economics, 1979- 
80. . 

Alfred J. Francfort, University of Pittsburgh-Johns- 
town: economist, Energy and Minerals Division, U.S. 
Genera! Accounting Office, Aug. 1979~Aug. 1980. 

Roger D. Little, U.S. Naval Academy: visiting pro- 
fessor, U.S. Naval Postgraduate School, Monterey, 
California, Sept. 1979. 
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NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 
A. Please use the following categories: l 


l---Deaths . l , 6—New Appointments 

2-—Retirements 7—Leaves for Special ae (NOT Sabbaticals) 
3-—Foreign Scholars (visiting the USA or Sanada) 8— Resignations 

4-Promotions 9—-Miscellaneous 


5-~Administrative Appointments 


B. Please give the name of the individual (SMITH, Jane W.), her present size of employment or enrollment: 
her new title Gf any), and the date at which the change will occur. 


C. Type each item on a separate 35 card and please do not send public relations releases. 


D. The closing dates for each issue are as ORO: March, October 15; June, January 15; September, Aveit 15; 
December, July 15. . 


This announcement supersedes and replaces a letter which was sent annually from the managing editor’s. office. 
All items and information should be sent to the Assistant Editor, American BONES Review, Box Q, iowa 
University, Providence, Rhode Island 02912. 

When degrees in economics are awarded under different names, such as Business ‘Administration, Public . 
Administration, or Industrial Relations, candidates in these fields whose training has been primarily in economics 
should be included. ; 

All items and information- should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
University, Providence, Rhode Island 02912. 


x 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1980 issue of the Review will carry the seventy-seventh list of doctoral dissertations in political 
economy in American universities and colleges. The list will specify doctoral degrees conferred during the academic 
year terminating June 1980. This announcement is an invitation to send us information for the preparation of the 
list. This announcement supersedes and replaces a letter which was sent annually from the managing editor's office. 


"The Review will publish in its December 1980 issue the names of those who will have been awarded the doctoral 
-degree since June 1979 and the titles of their dissertations, Dissertation abstracts will no ee) be eee as 
these are published elsewhere. . : 


By June 30, please send us this information on 3X5 cards, conforming to the style shown below, one card for 
each individual. Please indicate by a classification number in the right-hand corner the field in which the thesis 


should be classified. The classification system is that used by the Journal of Economic Literature and printed in every 
issue. 


JEL Classification No. 
Name: LAST NAME IN CAPS: First Name, Initial 
Institution Granting Degree: | 


Degree Conferred (Ph.D. or D.B.A.) _ Year 
Dissertation Title: 





CAPITAL INVESTMENT AND SAVING 
Editor, George M. von Furstenberg, Indiana 
University 

{Sponsored by the American Council of Life 
Insurance) 

Vol. I: Social Security Versus Private Saving 
January 1980 $35.00 420 Pages 


Vol. I: The Government and Capital Formation 
March 1980 $35.00 554 Pages 


Vol. M: Capital, Efficiency, and Growth 


March 1980 $35.00 584 Pages 
THE FUNCTIONING OF FLOATING 
EXCHANGE RATES 


Theory, Evidence, and Policy Implications 
Editors, David Bigman and Teizo Taya, 
International Monetary Fund 


May 1980 ca.$25.00 ca.432 Pages 
BUSINESS CYCLES, INFLATION, 
AND FORECASTING 


Geoffrey H. Moore, National Bureau of Economic 
Research 
May 1980 ca.$35.00 
SCHOOL FINANCE POLICIES 
AND PRACTICES 

The 1980s: Decade of Conflict 
(The 1980 Yearbook of the American Education 
Finance Association) 

Editor, James W. Guthrie 


ca.432 Pages 


Summer 1980 Pages and price to be announced. 
LAGGING PRODUCTIVITY | 
GROWTH 


Causes and Remedies 
- Schlomo Maital and Noah Meltz 
May 1980 Pages and price to be announced. 


DEMAND REVELATION AND THE 
PROVISION OF PUBLIC GOODS 

Edward H. Clarke, Smithsonian Institution 

Spring 1980 ca.$22.50 ca.356 Pages 


Telephone: (617) 492-0793 


BALLINGER  ssisiccos 





COMMODITY MARKETS AND LATIN 
AMERICAN DEVELOPMENT 

A Modeling Approach 

Editors, Walter C. Labys, M. Ishaq Nadiri, and 
Jose Nunez del Arco 

April 1980 


ca.$25.00 ca.278 Pages 


PUBLIC EMPLOYMENT AND STATE AND 
LOCAL GOVERNMENT FINANCE 

Editors, Roy W. Bahl, Jesse Burkhead, and Bernard 
Jump, Jr., Syracuse University 


April 1980 ca.$25.00 ca.264 Pages 
TELECOMMUNICATIONS DEMAND 
A Survey and Critique 


Lester D. Taylor, University of Arizona 
April 1980 -ca.$27.50 ca.240 Pages 


RISK-BENEFIT ANALYSIS 
Richard Wilson and Edmund Crouch, Harvard 
University 

Spring 1980 ca.$22.50 


SUPPORTED WORK 
Summary and Findings of the National 
Supported Work Demonstration 

The Board of Directors, Manpower Demonstration 
Research Corporation 

April 1980 Price to be announced. 


ca.304 Pages 


192 Pages 


TAX AND INVESTMENT POLICIES 

FOR HARD MINERALS 

Public and Multinational Enterprises in 
Indonesia 

S. Malcolm Gillis and Ralph E. Beals, Harvard 
Institute for International Development 

April 1980 ca.$30.00 ca.320 Pages 


STALEMATE IN TECHNOLOGY 
Gerhard Mensch, International Institute of 
Management, Berlin 
1979 $18.50 
ECONOMIC DISINCENTIVES FOR 
ENERGY CONSERVATION 

Joe W. Russell, Environmental Law Institute 

1979 $16.00 160 Pages 


280 Pages 


BALLINGER esege 
17 Dunster Street, Cambridge, MA 02138 
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New books from the World Bank 





World Tables 1980 


from the data files of the World Bank 
One of the most complete collections of time series data ever assembled, this volume 
contains nearly 600 pages of tables analyzing various economic and social indicators for 
most of the countries of the world. $27.50 hardcover, $10.95 paperback 


The Economics of Power System Reliability and Planning 


Theory and Case Study 

Moban Munasinghe 
This is the first completely integrated treatment of electric power system reliability. The 
author focuses on the economic losses incurred by consumers because of power failures 
and develops a model that more accurately determines the true costs of electric power. 
$24.00 hardcover; $8.95 paperback 


Farm Budgets 


From Farm Income Analysis to Agricultural Project Analysis 
; Maxwell L. Brown 
This book clarifies the relation between simple farm income analysis and the broader field 
of agricultural project analysis and illustrates how the transition is made from one to the 
other. A World Bank Staff Occasional Paper $15.00 hardcover; $6.50 paperback 


Malaysia 
Growth and Equity in a Multiracial Society 
Kevin Young, Willem Bussink, and Parvez Hasan 
This report examines the performance of the Malaysian economy since 1960, discusses 
current issues, and assesses the outlook for the future with special attention given to the 
government's efforts to reduce poverty and redress racial imbalances in the economy. 
A World Bank Country Economic Report $25.00 hardcover; $7.95 paperback 


Confronting Urban Malnutrition 


The Design of Nutrition Programs 
James E. Austin 
Presupposing a political commitment to meet basic human needs in the urban setting, this 
study analyzes the systematic planning, design of interventions, program management, 
and community action that is necessary to translate political will into improved nutrition 
for the urban poor. A World Bank Staff Occasional Paper 86.50 paperback 


A Model of an Agricultural Household 


Theory and Evidence 
Howard N. Barnum and Lyn Squire 
In this innovative study, an economic analysis of agricultural households in Malaysia, the 
authors show that the integration of production and consumption decisions yields sub- 
stantially different policy conclusions from those obtained by the traditional approach: 
analysis of production or consumption alone. A World Bank Staff Occasional Paper 
$6.95 paperback 


published by 


Johns Hopkins 


The Johns Hopkins University Press, Baltimore, Maryland 21218 
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Bayesian Analysis in Economic 
Theory and Time Series Analysis 


52 Vanderbilt Ave., New York, N.Y. 10017/ P.O. Box 211, 1000 AE Amsterdam, The Netherlands 


Theories of Urban Externalities 
Studies in Regional Science and Urban 





cl AASIN 


i 


Ht 
mi 


W 


, = = 

The 1977 Savage Dissertation Award Economics, Vol. 6 ea 
Theses By YOSHITSUGU KANEMOTO, Univ. of BS 
Studies in Bayesian Econometrics, Vol. 2 British Columbia, Vancouver = 
By CHARLES A. HOLT, Jr., Univ. of Minne- eo ae a = 
sota, and ROBERT W. SHORE, Westing- ISBN alee == 
house R&D, Pittsburgh i l == 
4980. 192 pages In this volume several aspects of externalities „== 
US $39 OOD 80.00 in cities are analyzed using extensions of a _ = 
: eis standard residential land use model. Topics 232 

ISBN 0-444-85414-2 covered are: optimal and market city sizes, S= 
The 1977 Leonard J. Savage prize was awarded local public goods, traffic congestion, externa- $= 
to Charles A. Holt, Jr., for his thesis, “Bidding lities between different types of households, = 
for Contracts”, while Robert W. Shore’s thesis, and the growth of a system of cities. = 
“A Bayesian Approach to the Spectral Analysis =. 
of Stationary Time Series’, was accorded ares 
honorable mention. In view of the high quality oe eS 
of sets ae it Pie decided to publish these Statistical Methods of = 
together in this volume. Econometrics == 
Third Revised Edition = 

Socioeconomic Success Studies in Mathematical and Managerial. is 
i Economics, Vol. 6 E 

A Study of the Effects of Genetic l l =. 
Endowments, Family Environment, and By E. MALINVAUD, Institut National de la 2. 
Schooling Statistique et des Etudes Economiques, == 
i | Paris = 2 


Contributions to Economic Analysis, Vol. 128 


By JERE R. BEHRMAN, Univ. of Pennsyl- 
vania, ZDENEK HRUBEC, National Research 
Council, PAUL TAUBMAN, Univ. of Pennsyl- 
vania, and TERENCE J. WALES, Univ. of 
British Columbia 


1980. 290 pages. 
US $58.50/Dfl. 120.00 
ISBN 0-444-85410-X 


A large sample of white male twins is used to 
estimate a model of schooling and occupa- 
tional attainment and earnings at about age 50. 
Methods are developed and used to control for 
unobserved differences in genetic endowments 
and family environment when estimating the 
relationship of schooling to earnings. Methods 
are also developed and used to partition the 
variance of earnings, etc. into genetics, common 
environment and noncommon environment 
components. 





1980. 760 pages. 
US $48.75/Dfi. 100.00 
ISBN 0-444-85473-8 


“my respect for this book is virtually un- 
bounded. Given a class of mathematically 
knowledgeable graduate students in econo- 
metrics, the book has no peer.” 

Economica 


“ . this textbook stands in a class of its own 
and is bound to have a strong influence on 
the teaching of econometrics for many years 
to come.” 

The Economic Journal 


“this book is at once more comprehensive 
in coverage and more advanced in treatment 
than any other econometric text... His success 
in this task has earned M. Malinvaud the grati- 
tude of his readers.” 

journal of the Royal Statistical Society 
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New 
from 


Columbia 


Essays on the Theory of Joint Production 


LUIGI PASINETTI, EDITOR. This volume includes a formalization of Piero 
Sraffa’s general scheme of joint production; the formulation of new tools for 
economic analysis in the vertically integrated sectors; an analysis of the many 
problems connected with durable means of production; an inquiry into the effects 
of some forms of technical progress; and a formalization of Sraffa’s scheme for 
non-produced means of production. 





256 pages, $30.00 


Dependency Approaches to International 


Political Economy 


A Cross-National Study 


VINCENT A. MAHLER. Dependency theory has recently attracted considerable 
attention as an important, if highly controversial, perspective on problems of 
underdevelopment in the Third World. Vincent A. Mahler’s study examines the 
_dependency theorists’ most important hypotheses in light of data derived from 
a cross-national study of 70 less-developed countries. 

232 pages, $17.50 


The Measurement of Economic Growth 


DAN USHER. This unique study explores in a single volume topics ordinarily 
treated separately in economic literature: the conceptual problems of defining and 
measuring growth and the practical problems of organizing data. Emphasizing 
both theory and application to real-world cases, the author raises many key issues 
in-the controversy over the importance of economic growth. 

336 pages, $22.50: 


The Economics of Interdependence 


Economic Policy in the Atlantic Community; 
Published for the Council on Foreign Relations 


RICHARD N. COOPER. Now back in print, this volume offers a penetrating 
analysis of the complex and often contradictory economic currents flowing be- 
tween the two hemispheres. Richard N. Cooper addresses the central problem 
facing the world’s macroeconomists: how to preserve the manifold benefits 
accruing from international trade while maintaining sufficient domestic freedom to 
pursue attractive political and economic objectives. A Morningside Book 

316 pages, $20.00 cloth, $6.50 paper (tent.) 


To order send check or money order to Dept. JN at the address below, including $1.30 per order for 
postage and handling. 


+ | COLUMBIA UNIVERSITY PRESS 
GL Address for orders: 
136 South Broadway, Irvington, New York 10533 
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A Guide to | 
_ Post-Keynesian Economics 


EDITED BY ALFRED S. EICHNER 
WITH A FOREWORD BY JOAN ROBINSON 


“An informed, technically competent, yet This first comprehensive statement 
wholly readable set of essays on economics of the post-Keynesian position includes: 


E i PRICING Peter Kenyon 


—John Kenneth Galbraith, INCOME DISTRIBUTION J. A. Kregel 
Harvard University TAX INCIDENCE A. Asimakopulos 
PRODUCTION THEORY Richard X. Chase 
“For anyone who wishes to know what is - THE SRAFFIAN CONTRIBUTION 
going on in the world of economic thought, Alessandro Roncaglia . 
it is, I believe, indispensable.” THE LABOR MARKET Eileen Appelbaum 
; — Robert L. Heilbroner MONETARY FACTORS Basil J. Moore 
in The New York Review of Books THE INTERNATIONAL DIMENSION 


John B. Burbidge 
NATURAL RESOURCES Paul Davidson 
Cloth $12.95 Paper $4.95 A LOOK AHEAD Alfred S. Eichner 


cM. E. Sharpe, Inc. 901 N. BROADWAY, WHITE PLAINS, N.Y. 10603 


Mms a a A A M A a a s p A nes i a s o a a A e a p Gua A PA b ia p m Ga A o VG aune GED GWE GHEE gayi PAN di e m aiie 


M. E. Sharpe, Inc., 901 North Broadway, White Plains, NY 10603 


Please send copies of A GUIDE TO POST-KEYNESIAN ECONOMICS in cloth @$12.95. 
Please send copies in paperback @$4.95. 
My check for $_____is enclosed. (Publisher pays postage and handling if payment 
accompanies order.) 
Please charge my (Master Charge VISA (check one) 
Account Number tC EXD. date 








Signature 
C)Please send your current brochure in Economics. 


_ NAME 
AFFILIATION 
ADDRESS __ | 
ary STATE ZIP 
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Three New Titles from the 


Rational Expectations 
and Economic Policy 


Edited by Stanley Fischer 
Cloth 312 pages $22.00 


National Bureau 
of Economic 
Research 


New Developments in Productivity 
Measurement and Analysis 


Edited by John W. Kendrick 
and Beatrice N. Vaccara 


Cloth 768 pages $52.00 


The Measurement 

of Capital Ang _——.-__—______ 
P The System-Wide Approach . 

Edited by Dan Usher. to Microeconomics | 

Studies in Income and Wealth, vol. 45° H e nri The il 


Cloth 560 pages $40.00 


Cloth 288 pages $23.00 


The University of Chicago Press Chicago 60637 


MANAGING GROWTH IN THE 1980’s 

Toward a New Economics 

By Robert D. Hamrin, Environmental Protection 
Agency 

Challenging conventional economic wisdom, Hamrin 
suggests that the traditional sources of economic 
growth have become non-supportive of growth, and ex- 
amines the forces that are most critical in shaping the 
economy. He concludes that the new realities govern- 
ing economic performance demand a wholesale re- 
thinking of economics. Finally, he suggests new actions 
and policies, shaped by a selective growth ethic, aimed 
at human resource development, and formed within the 
framework of a future-oriented national growth policy. 
318 pp. 1980 $23.95 LC 79-19459 ISBN 0-03-054061-5 
Text edition: $9.95 ISBN 0-03-054056-9 


Praeger Publishers 
521 Fifth Avenue, New York, NY 10077 


PRAEGER 

entering our fourth 
decade of 

distinguished publishing 


THE MONETARY APPROACH TO INTERNATIONAL 
ADJUSTMENT 

Edited by Bluford H. Putnam, Chase. Manhattan 
Bank, and D. Sykes Wilford, Chase Manhattan Bank 
Here's an historical/developmental approach ideal for 
Students with diverse acadernic backgrounds. With 
contributors drawn from commercial banks, the Fed, 
and academia, this essay approach combines with a 
25-page bibliography to lay the groundwork for ad- 
vanced research by upper-level students. The co-au- 
thors refine the variabies in the framework model and in 
the statistical tools used to test the model's implication. 
The result is a clear picture of how the monetary ap- 
proach evolved, its current state, and the most promis- 
ing avenues for future research. 

299 pp. 1979 $18.95 LC 78-19753 ISBN 0-03-046711-X 
Text edition: $8.95 ISBN 0-03-056211-2 
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HARPER & ROW LEADS THE ECONOMICS FIELD 
WITH THE BEST INTRODUCTORY BOOKS | 





vi 


M 


Waud— ECONOMICS 


Combined Volume: ISBN 0-06-046963-3. 848 pages. 
MACROECONOMICS, ISBN 0-06-046965-X. 478 pages. 
MICROECONOMICS, ISBN 0-06-046966-8. 423 pages. 


Miller—ECONOMICS TODAY, Third Edition 


Combined Volumes: ISBN 0-06-385481-3. 747 pages. 
ECONOMICS TODAY: THE MACRO VIEW, Third Edition 
ISBN 0-06-385488-0. 432 pages. 


ECONOMICS TODAY: THE MICRO VIEW, Third Edition 
ISBN 0-06-385489-6. 433 pages. 


Lipsey & Steiner —ECONOMICS, rifin Edition 


Combined Volume: ISBN 0-06-044016-3. 982 pages. 
MACROECONOMICS, Fifth Edition, ISBN 0-06-043976-9. 513 pages. 
MICROECONOMICS, Fifth Edition, ISBN 0-06-043981-5. 512 pages. 


Hunt & Sherman— ECONOMICS 
An Introduction to Traditional and Radical Views, Third Edition 
ISBN 0-06-043017-6. 736 pages. Paper. 


North & Miller —THE ECONOMICS OF 
PUBLIC ISSUES, rib Edition 


ISBN 0-06-044875-X. 214 pages. Paper. 


Elzinga —ECONOMICS: A READER 
Third Edition 
ISBN 0-06-04192-1. 304 pages. Paper. 


To request examination copies, write to Harper & Row, 10 East 53d 
Street, New York, N.¥ 10022. Suite 5D (888). Please include course title, 
enrollment and present text. 


‘Harper © “Row 


New York * San Francisco 
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AEA sponsored 
Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. | 

Because AEA has joined a large Insurance Trust which 
includes other scientific and technical organizations, the low 
cost may be even further reduced by dividend credits. In the 
past seven years, insured members received credits on their 
April 1 semiannual payment notices averaging over 45% of 
their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future dividends and credits, and 
their amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill 
out and return the coupon for more details at no obligation. 


Administrator, AEA Group Insurance Program B-3 
1707 L Street, N.W.—Suite 700 ) 
Washington, D.C. 20036 — 


_ Please send me more information about the AEA Life Insurance Plan. 


Name er ee eee ene Uae ee meme, || | 





Address — 


OLY aaa S AG 7.4 | o PORER 





GED mm SG ee N 
Üa am m an am eet ee OS ee ee ee ee mÈ 


Be eens EES EEE GHEE SUE RANE GREE REN fete waea MeN amn ee d D 


Or—call today Toll-Free 800-424-9883 
(Washingten, DC area, call 296-8030) 
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Begin making plans to attend the 
Ninety-Third 
Annual Meeting of 
The American 
Economic. Association 


(in Conjunction with Allied Social Science Associations) 
to be held in 


DENVER, COLORADO 
September 5-7, 1980 


The 1980 Professional Placement Service will be held December 28-30 at the Dallas 
Hilton, Dallas, Texas. Please note that there will not be a Professional Placement 
Service in Denver at the September meetings. 


See the Notes section of the June AEA for the American Economic Association's 
preliminary program. 


The 1981 meeting will be held in Washington, DC, December 28-30, 
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W W. Rostow 


Why the Poor Get Richer 
and the Rich gow Down 


Essays in the Marshallian Long Period 


INSTTTUTIONAL 
ECONOMICS 


ae Changing SYST changing System 


BY WENDELL GORDON 
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Why the Poor Get Richer and the Rich Slow Down 
ESSAYS IN THE MARSHALLIAN LONG PERIOD 
By W. W. Rostow 


Bearing on fundamental issues of economic theory, history, and 
public policy, this volume elaborates and goes beyond themes 
enunciated in W. W. Rostow’s previous works. The eight essays 
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The Slowing Down of the Engine of Growth 


By W. ARTHUR LEwIs* 


Let me begin by stating my problem. For 
the past hundred years the rate of growth of 
output in the developing world has depended 
on the rate of growth of output in the devel- 
oped world. When the developed grow fast, 
the developing grow fast, and when the de- 
veloped slow down, the developing slow 
down. Is this linkage inevitable? More 
specifically, the world has just gone through 
two decades of unprecedented growth, with 
world trade growing twice as fast as ever 
before, at about 8 percent per annum in real 
terms, compared with 0.9 percent between 
1913 and 1939, and less than 4 percent per 
annum between 1873 and 1913. During these 
prosperous decades, the less developed 
countries (LDCs) have demonstrated their 
capacity to increase their total output at 6 
percent per annum, and have indeed 
adopted 6 percent as the minimum average 
target for LDCs as a whole. But what is to 
happen if the more developed countries 
(MDCs) return to their former growth rates, 
and raise their trade at only 4 percent per 
annum: is it inevitable that the growth of 
the LDCs will also fall significantly below 
their target? My purpose is not to predict 
what is going to happen, but to explore 
existing relationships and how they may 
change. | 

The extraordinary growth rates of the two 
decades before 1973 surprised everybody. 
We knew that the world economy experi- 
ences long swings in activity; that world 
trade, for example, grew faster between 1830 
and 1873 than it grew between 1873 and 
1913, that is to say, between 4 and 5 percent 
before 1873, compared with between 3 and 
4 percent after 1873. But a jump to 8 per- 
cent was inconceivable. 


*Princeton University. This article is a revised ver- 
sion of the lecture W. A. Lewis delivered in Stockholm, 
Sweden, December, 1979, when he received the Nobel 
Prize in Economic Science. The article is copyright © 
the Nobel Foundation 1979. It is published here with 
the permission of the Nobel Foundation. 


Some people were even more surprised by 
the performance of the LDCs. In 1950 these 


_ people were sceptical of the capacity of 
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LDCs to grow rapidly .because of inap- 
propriate attitudes, institutions, or climates. 
The sun was thought to be too hot for hard 
work, or the people too spendthrift, the 
government too corrupt, the fertility rate too 
high, the religion too other worldly, and so 
on. This kind of analysis has now almost 
completely gone from the literature. In dis- 
cussions at the end of the 1940’s, noting that 
the U.S. national income per head had 
grown at about 2 percent a year over long 
periods, and noting that LDC populations 
were growing at about 1 percent, econ- 
omists in United Nations circles were boldly 
discussing the possibility that the LDC 
growth rate might be 3 percent. The United 
Nations at the end of the 1950s fixed 5 
percent as the target for the 1960’s, meaning 
by “target” something that was unattainable 
but inspirational. Then to everybody’s 
surprise UN figures showed 5 percent being 
averaged already by the middle 1960’s. So 
the target was raised to 6 percent for the 
1970’s, but the figures showed 6 percent 
already in the early 1970's, and the UN was 
just getting ready to fix 7 percent for the 
1980’s when the recession started in 1974. I 
do not vouch for the accuracy of any of 
these performance figures, but I think LDCs 
have demonstrated beyond doubt their 
capacity to use physical and human re- 
sources productively. 

The fast pace of world trade also -played 
havoc with development theory. The col- 
lapse of international trade in the 1930’s had 
seemed irreversible, so much so that Keynes 
had even declared that we didn’t need much 
of it anyway. So in the 1940’s and 1950’s we 
created a whole set of theories which make 
sense if world trade is stagnant— balanced 
growth, regional integration, the two-gap 
model, structural inflation—but which have 
little relevance in a world where trade is 
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growing at 8 percent per annum. Also many 
countries, basing their policies on the same 
assumption, oriented inwards mainly to- 
wards import substitution. The fact that 
world trade was growing rapidly was not 
universally recognized until the second half 
of the 1960’s. Then nearly every country 
discovered the virtues of exporting. Now we 
are in danger of being caught out again. 
Since. 1973 the growth rate of world trade 
has halved, and nobody knows whether this 
is temporary or permanent. But mest of our 
economic writing continues to assume im- 
plicitly that a return to 8 percent is only just 
around the corner. 


I 


Let me come back to the relationship 
between MDCs and LDCs. The principal 
link through which the former control the 
growth rate of the latter is trade. As MDC's 
grow faster, the rate of growth of their im- 
ports accelerates and LDCs expert more. 
We can measure this link. The growth rate 
of world trade in primary products over the 
period 1873 to 1913 was 0.87 times the 
growth rate of industrial production in the 
developed countries; and just about the same 
relationship, about 0.87, also ruled in the 
two decades to 1973.! World trade in 
primary products is a wider concept than 
exports from developing countries, but the 
two are sufficiently closely related for it to 
serve as a proxy. We need no elaborate 
statistical proof that trade depends on 
prosperity in the industrial countries. More 
interesting is the evidence that the relation- 
ship was quantitatively the same over a 
hundred years, so that the two-thirds in- 
crease in the rate of growth of exports of 
primary products from LDCs was no more 
or less than could’ be predicted from the 
increased rate of growth of MDC produc- 
tion. : 

Most interesting is that the coefficient is 
less than one, viz. 0.87. This means that if 

the engines of growth were industrial pro- 


lFor data, see my Growth and Fluctuations 1870- 
1913, pp. 175-76. , 
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duction in MDCs and exports of primary 
products in LDCs, then the MDC engine 
was beating slightly faster than the LDC 
engine. The effects of equal beating would 
not necessarily be exactly the same, And 
there are side effects that strengthen the 
connection. When the beat is faster the terms 
of trade are expected to be more favorable 
to the LDCs (though that did not happen 
this time). The domestic market prospers, so 
EDC industrialization for the domestic 
market is speeded; this happened. The 
MDCs relax their barriers to imports of 
manufactures, so this trade accelerates as 
well. Foreign capital flows into minerals, 
manufactures, and infrastructure. And for- 
eign countries take more migrants, so that 
the homeward flow of remittances to LDCs 
is larger in prosperous times. 

Putting it all together, including the fact 
that industrial production grew faster in 
LDCs than in MDCs, it is not surprising 
that the rate of growth of gross domestic 
product was just about the same in LDCs 
and in MDC over the quarter of a century 
ending in 1973, namely about 5 percent per 
annum. Since LDC population was growing 
faster than MDC population, there is a big 
gap in the growth rates of output per head, 
about 4 percent in MDCs, against 2.5 per- 
cent in LDCs. The performance of LDCs 
was remarkable in absolute terms, but the 
gap between MDCs and LDCs in income 
per head continued to widen rapidly. 

Now we come to our dilemma. The objec- 
tive of most people who are concerned with 
these matters is to narrow the per capita gap 
between MDCs and LDCs. But how is one 
to do this if they are linked to equal growth 
of total output? One might perhaps conceive 
a lower rate of growth of MDCs. Many 
MDC voices are calling for this—the 
environmentalists, the persons who fear ex- 
haustion of exhaustible resources, the ad- 
vocates of greater grace and leisure in our 
lives, and others. But if the MDC growth 
rate falls, the LDC growth rate will fall too, 
and LDCs will get the worst of it, since the 
terms of trade will move against them. Given 
the link, it is in the interest of LDCs that 
the MDCs should grow as rapidly as they 
can. 
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Figure 1. U.S. INDUSTRIAL PRODUCTION, 
1865-1913 AND 1950-78 


Three questions come to mind. First, 
what is likely to happen to the speed of MDC 
growth? Secondly, can LDCs maintain fast 
growth even in face of a decline of MDC 
growth? And thirdly, is it desirable that LDC 
development depend on rapid growth of ex- 
ports to MDCs? My main purpose in this 
paper is to consider the second question, 
but I shall also briefly explore the first. 
The third question, on the desirability of 
LDC/MDC trade, may be left to another 
occasion. 


Il 


Many people now assert that the world 
economy has made one of those major turns 
that it makes from time to time, as it did in 
1873 when world trade settled into a growth 
rate only about two-thirds of that of the 
preceding half-century. However, part of the 
evidence they adduce is merely evidence of 
cyclical and not secular decline—high un- 
employment rates, low profits,” low invest- 


2Evidence of a decline in the profits ratio, often 
cited, is hard to interpret. In the United States, in- 
dustrial production runs along a ceiling when the ratio 
of manufacturers’ profits to sales is around 5 percent 
(after tax). The ratio averaged 4.8 over 1951-56 and 5.1 
over 1966-69, which were also years of full employ- 
ment (less than 4 percent unemployed). The basis of 
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FIGURE 2. U.S. Great DEPRESSIONS: DEVIATION 
OF ACTUAL FROM “CAPACITY” INDUSTRIAL 
PRODUCTION 


ment ratios, low savings, and a slower 
growth rate of productivity are the familiar 
elements of cyclical downswing, and throw 
no light-term trends. 

Over the past century, the United States 
has experienced a series of Great Depres- 
sions, each of which took ten years to com- 
plete itself, except for that of 1929, which 
took twelve years. The starting points of 
these depressions were 1873, 1893, 1907, 
1929, 1957, and 1974. Figure 1 shows U.S. 
industrial production on a semilogarithmic 
scale, where the straight lines indicate the 
rate of growth along the peaks, and the 
potential output at that rate.? The difference 


the series changes between 1973 and 1974; on the new 


basis, the ceiling would be about 6 percent. That the 
profit ratio averaged 5.4 in 1976 and 5.3 in 1977 merely 
indicates, along with elevated unemployment, the con- 
tinuance of cyclical deficiency in those years. Series 
from the Economic Report of the President. 

3From 1923, the index is that of the Federal Reserve 
Board. Prior to 1913, the index is that of Edwin Frickey, 
as amended by the National Bureau of Economic Re- 
search statisticians. For references, see my Growth and 
Fluctuations 1890-1913, pp. 272-73. Construction is 
excluded. The charts are semilogarithmetic. The slope 
of the straight line from 1872 to 1906 indicates growth 
at 5.1 percent per annum; that from 1951 to 1973 
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between actual and potential output is 
shown in Figure 2 for each of these Great 
Depressions separately.* The depression at 
the top of the figure is the one we are now 
` experiencing. It seems to conform to pat- 
tern. For example, as is well known, these 
Great Depressions are associated with simi- 
lar long fluctuations in construction activity. 
Figure 3 shows that this association is un- 
changed, despite Moses Abramovitz’s opti- 
mistic prediction to the contrary; deep de- 
pressions in both business and residential 
construction are at the heart-of our current 
depression.” Again, suggestions that the U.S 


4 





indicates growth at 4.4 percent per annum. In Figure 1, 


the position of the lower curve in relation to the upper | 


reflects that industrial output in 1956 was 20 percent 
less than it would have been if it had grown at 4.4 
percent per annum since 1913. The interwar curve is 
omitted. Its familiar shape would show output rising at 
3.8 percent per annum before 1929, then plunging into 
the Great Depression. 

*The depression of 1929 is of. such a different mag- 
nitude from the rest that it has been taken out of its 
sequence, and put at the bottom of the figure. 

5Expenditure on structures at 1972 prices; Tables B2 
and B7 of the Economic Report af the President. It can 
be seen in Figure 2 that the two postwar depressions 
-are notably less deep than the pre-1913 depressions. 
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economy was overheated at the end of 1978 


(year 5) seem implausible—they confuse 


lack of capacity due to many years of low 
construction in face of rising population, 
with lack of capacity due to high demand. 
Shortage of capacity after years of depres- 
sion is what triggers a new investment boom. 
If the past repeats itself, a spurt of activity 
in the early 1980’s (growth at 6 to 7 percent 
per annum) should bring U.S. industrial 
production back on to its prosperity line by 
1983. This does not rule out the possibility 
of a minor fluctuation in the interim. There 
is, of course, no basis for predicting that the 
past will repeat itself, but equally there is no 
basis for predicting that this depression will 
go on forever.’ 

If then we reject all evidence that can be 
explained by six years of depression, we are 
left with a number of arguments that are 
being advanced to suggest that the prosper- 
ity of 1950-73 was special and not repeat- 
able. I shall merely list them, because to 
pursue each of them would take us too far 
off course. Here are the leading six: 

1. The fast growth of Europe after 
World War II was due to catching up on a 
backlog of innovations whose feasibility and 
profitability the United States had demon- 
strated by 1950, but whose utilization had 
been delayed in Europe by two world wars 
and the Great Depression — telephones, 
automobiles, refrigerators, television, aero- 
planes, and so on. This backlog, it is claimed, 
is now exhausted. 

2. There is no new innovation of 
Schumpeterian magnitude to take its place. 
This proposition could be established only 
by hindsight; expenditure on research and 
development by private industry may have 
declined, but this may only be a cyclical 
event. 

3. Western Europe’s reserves of surplus 
labor in agriculture, petty retailing, and 


©The National Bureau of Economic Research has 
trained us to think of the Kitchin as the reference cycle 
(forty months), so any depression that extends beyond 
eighteen months feels like the end of the world. Our 
economic journalists have even lower horizons, since 
they seldom get beyond comparing this year with last. 


© We cannot understand what is happening without at 


least a ae perspective. 


VOL. 70 NO. 4 


elsewhere, which facilitated rapid expansion 
of industry and other high-level occupations 
is now exhausted, and immigration of cheap 
labor from Southern Europe will not be 
resumed. 

4. We shall run into a shortage of 
minerals; of copper, tin, bauxite, and others, 
because transnational companies and LDC 
governments cannot agree on terms for new 
investment; and of oil because of OPEC's 
conservation policies. This imbalance is one 
of the two primary sources of inflation. The 
other primary source is the spiralling of 
prices as organized groups bargain for an 
annual increase in income of at least 5 per- 
cent (plus last year’s increase in prices) in an 
economy where productivity rises by 3 per- 
cent per annum or less. Attempts to control 
inflation through controlling the money 
supply touch neither of these primary 
sources, unless pushed to the level of 15 
percent unemployment, which is not politi- 
cally feasible. Whether the monetary author- 
ities opt for stagflation or for massive unem- 
ployment, the rate of growth is slowed. 

5. The preference of consumers in rich 
countries for services rather than manufac- 
tured commodities will result in relative de- 
cline of the industrial population. Among 
the effects of this may be a decline in the 
rate of growth of imports of primary pro- 
duction. 

6. High levels of taxation may diminish 
initiative, enterprise, and the rate of growth. 

I list these propositions neither to support 
them nor to controvert them, but only to 
remind us that the world economy has had 
long periods of prosperity (like 1850 to 1873) 
and long periods of relative stagnation (say 
1913 to 1950) so that there is nothing strange 
in the idea that the next two or three de- 
cades may turn out to be difficult. But there 
is also nothing strange in the idea that they 
may turn out to be rather prosperous. 


mW 


In what follows I shall assume that in- 


dustrial production in MDCs grows more- 


slowly than it was growing before 1973, and 
that the imports of these countries grow 
only at 4 percent a year, over the next 
twenty years. This is not a prediction; it is 
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merely the assumption whose consequences 
we are seeking to analyze. 

I shall also assume that LDCs want their 
GDP to grow at 6 percent per annum, and 
that this requires their imports to grow at 
6 percent. This linkage follows from the 
further assumption that the individual LDC 
will not become more self-sufficient, per- 
haps because it is too small; though LDCs 
as a group will have to be more self- 
sufficient. No importance attaches to 
whether the figure for imports is the same as 
the figure for the growth of gross domestic 
product; all that matters is that the growth 
rate of exports from LDCs is assumed to be 
significantly higher than the rate of growth 
of imports of LDC commodities into MDCs. 
The LDCs will continue to pay for some of 
their imports out of proceeds of transfers, 
including foreign aid and private foreign 
investment, but we shall assume that this 
still leaves LDCs needing, say, a 6 percent 
growth rate for exports, while MDCs are 
assumed to increase their imports from 
LDCs only at 4 percent a year. The problem 
is how to reconcile these two growth rates. 

There could theoretically be a simple way, 
namely for LDCs to have an ever increasing 
share of MDC imports, but we have closed 
this door. The main link between MDC and 
LDC economies has been the MDC demand 
for LDC primary commodities. This has 
been a link in terms of physical volume, not 
much affected by prices. The LDCs could 
not sell significantly more primary produce 
by reducing prices; on the contrary, they 
would earn substantially less purchasing 
power as’ the terms of trade deteriorated. 
The LDCs could earn more by reducing the 
volume or by joining together in raising 
prices. The direct effect of these actions 
would be to reduce output, but this could be 
offset by investing the extra earnings judi- 
ciously. However none of this seems to be in 
the cards; so we shall assume that our prob- 
lem cannot be solved by accelerated or de- 
celerated production of primary commodi- 
ties normally exported to MDCs. 

What about manufactures? These are now 
nearly 40 percent of the exports of the non- 
OPEC LDCs, and are still their fastest 
growing export. Could the whole problem 
be solved simply by increasing the growth 
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rate of manufactured exports to M{DCs, in 
substitution for primary products? I shall 
assume that this cannot be done, since if it 
can be done my paper ends abruptly. Also I 
do not think that it can be done. The MDCs 
are willing to let in manufactured exports 
when they are prosperous, since they then 
have many growing industries that can take 
in people displaced by imports. Our as- 
sumption that the MDC growth rate is low 
rules out this possibility. It would indeed be 
more appropriate to assume that MDC's will 
take less manufactures from LDCs rather 
‘than more. 

Our basic assumptions therefore are that 
LDCs need to have their exports grow at 6 
percent a year, but MDCs will increase their 
imports from LDCs only at 4 percent a 
year. What is to happen to the growth of 
LDC output? 

Let me concede at once that from the 
standpoint of the individual LDC it matters 
not at all what the MDC growth rate may 
be. Given resources and flexibility, it can 
always sell more to MDCs. However, it 
thereby displaces some other LDC’s trade. 
What one can do cannot be done by all. 

At the level of arithmetic this problem 
~ now has only one solution. If total sales 
from LDCs increase at 6 percent, while sales 
to MDCs increase at 4 percent, sales to the 
rest of the world (given weights of seven to 
three) must increase initially at about 11 
percent per annum. Ignoring the socialist 
countries, which could help by buying much 
more from LDCs but won’t, the LDCs can 
solve the problem only by accelerating 
sharply their trade with each other: 

Inter-LDC trade is still rather small— 
about 19 percent of the exports of non- 
OPEC LDCs.’ The percentage did not 
change significantly over the two decades to 
1973 despite all the effort that was put into 


creating and servicing regional trade institu- © 


tions. Can this trade take up the slack left 
by MDCs as MDCs slow down? 

The answer is in the affirmative. Cur- 
rently the LDCs depend on the MDCs for 
food, fertilizers, cement, steel, and machin- 


7Trade data in this and the next two paragraphs are 
from GATT, International Trade 1977-78. 
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ery. Taken as a group, LDCs could quickly 
end their dependence for the first four, and 
gradually throw off their dependence for 
machinery. They also import a considerable 
quantity of light manufactures for which 
they are not in any sense dependent (some 
$31 billion in 1977, compared with $47 bil- 
lion of engineering products). They could 
quickly rid themselves of these, and more 
gradually throw off their dependence for 
machinery. 

The LDCs are capable of feeding them- 
selves now, if they adopt appropriate agrar- 
ian policies and, as our eleven new interna- 
tional tropical agricultural research in- 
stitutes give us better varieties and improved 
technology, output should more than keep 
up with population. The problem is to get 
through the period while the birth rate re- 
mains obstinately high to the less-frightening 
times when the birth rate will have dropped 
below twenty per thousand. It may be a 
near thing, but we should make it. . 

As for fertilizers, cement, and steel, these 
are made by applying standard technology 
to raw materials that are widely available 
outside the MDCs. Machinery is ‘more 
bothersome because important parts of this 
trade involve economies of scale, continu- 
ally improving technology, and patented or 
secret knowledge. However, several LDCs 
are moving into this field, and already ma- 
chinery is 15 percent or more of the output 
of manufactures in at least eight LDCs 
(India, Brazil, Singapore, Chile, Korea, 
Argentina, Mexico, and Israel). The LDC 
exports of engineering products are also 
growing rapidly, and contrary to popular 
belief, already exceed LDC exports of 
textiles and clothing in value. There is no 
reason why LDCs as a group should not 
become nearly self-sufficient in standard 
types of equipment. 

If all this scope exists for inter-LDC trade, 
why have the regional customs unions not 
been more successful? Note three reasons. 

First, a region is not a homogenous 
area. Some countries are much more 


®Share of machinery in manufactures calculated 
from United Nations, Yearbook of Industrial Statistics 
1976. 
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advanced than others in industrial competi- 
tiveness, to an almost inconceivable extent. 
These advanced countries attract more new 
industries than the less advanced, who feel 
exploited by the customs union, The union 
then survives only if costly measures are 
taken to placate the less advanced, and these 
measures are difficult to negotiate. 

Secondly, the usefulness of the union is 
maximized in sharing out industries with 
substantial economies of scale, extending 
over the whole regional market. Each coun- 
try is anxious to keep for itself all those 
industries that can attain the economies of 
scale within the national market. Destruc- 
tion of any of these industries by competi- 
tion from another member of the union 
causes a political uproar. The union is there- 
fore safest when it does not require internal 
free trade in all commodities, but instead 
concentrates on those few “integration” 
industries as they are called which need the 
whole regional market. Even this more mod- 
est task is hard to negotiate if each member 
country is to have its fair share of integra- 
tion industries. 

The third reason why the customs 
unions have not done better is that their 
basic assumption—that a-country should 
trade most with its next-door neighbors—is 
no longer true in these days of very low 
transport costs. For reasons of climate, soil, 
and history, the next-door neighbor is prob- 
ably in the same business, and not a poten- 
tial customer or supplier. He is equally poor, 
and therefore offers an equally limited 
market. The LDC's developing new in- 
dustrial products are drawn to large rich 
EDC markets rather than to those of their 
neighbors. Frankly, in the 1950’s and 1960's, 
aggressive developers did not much need the 
support of customs unions; these offer more 
to their members when world trade is stag- 
nant than when it is booming. 

It follows, therefore, that in the situation 
we are analyzing, where world trade decel- 
erates, customs unions would be more highly 
prized and would be made more effective, 
especially in regard to large-scale industries 
with region-wide economies of scale. But 
even so, the leading commodities that LDCs 
would now have to produce to a greater 
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extent for each other cannot be shared out 
between next door neighbors on a political 
basis. Food, fertilizers, cement, steel, and 
fuel pick their locations more in terms of 
raw material availability, and machinery will 
come in the first instance from those LDCs 
that already have a substantial industrial 
base. This new LDC trade would be 
worldwide, just as European and U.S. trade 
are worldwide. 


IV 


I am therefore arguing that it is physically 
feasible for LDCs to maintain a high rate of 
growth even if MDCs decide otherwise for 
themselves. How does physical feasibility 
translate into an effective economic. frame- 
work? 

One way would be to follow the customs 
union route, with LDCs giving preferential 
treatment to imports from other LDCs. The 
nucleus of this exists already in the Protocol 
Relating to Trade Negotiations among De- 
veloping Countries which came into force in 
1973, ‘with the blessing of GATT, and which 
provides for negotiated preferential arrange- 
ments among sixteen of the bigger and more 
advanced LDCs. The philosophy of such an 
atrangement is in line with the spirit of 
Bretton Woods, which recognized the rights 
of countries to impose restrictions on other 
countries which were tending persistently to 
run balance-of-payments surpluses, as would 
be the situation if the LDCs were growing 
faster than the MDCs. One may doubt how- 
ever whether such different countries will 
get very far along the route of preferential 
concessions. If they are to prefer each other’s 
goods, this will have to be because they are 
competitive in price with those of MDCs. 

In the economists model this competi- 
tiveness would come about automatically. 
The LDCs would run a balance-of-payments 


deficit because of the MDC slowdown, yet 


persist in their own rapid growth instead of 
slowing down themselves. Adjustment comes 
in the old gold standard version through an 
outflow of gold that reduces their price 
levels; or in the modern versions by deval- 
uation, which has the same effect. The real 
world is more complicated. Inflation is uni- 
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versal, but ‘aggressive sellers of manufac- 
tures have to keep their prices down; so this 
set of LDCs would need special emphasis 
on inflation controls. Devaluation cannot be 
avoided when prices cease to be competi- 
tive, but is palliative rather than curative in 
situations when it triggers further increases 
in domestic costs that reinstate the differen- 
tial that it was meant to eliminate. The 
LDCs have the same problem as the MDCs: 
the domestic price level can no longer be 
controlled merely by twirling general con- 
trols such. as the rate of interest, or the 
supply of money, or the rate of exchange for 
the currency. They too now experience the 
cost-push element in price determination, 
for which the only remedy is some sort of 
incomes policy. We expect more from the 
economic system than our grandparents did 
in the nineteenth century, by way of full 
employment and faster growth, and should 
not be surprised that the economic system 
requires more from us, by way of supporting 
institutions. 

These new aggressive LDCs, exporting 
machinery to each other, may also have 
problems in financing their trade. Nearly 
every LDC has a separate currency. We are 
envisioning Nigeria selling cereals to India 
for rupees, with which it buys machinery 
from Brazil. Some kind of clearing agree- 
ment may become necessary; otherwise LDC 
traders will tend to do business with each 
other in one or more MDC currencies, and 
will be constrained by the relative scarcity 
of such currencies. Perhaps the Interna- 
tional Monetary Fund would straighten this 
out. A more serious problem will be to 
finance the export of capital goods from one 
LDC to another, since the seller is expected 
to help finance the buyer. It is not likely 
that the LDC exporters can do this on their 
own. We must assume that they will be 
allowed to raise untied loans in the MDC 


financial markets, perhaps using the re-. 


gional development banks as intermediaries 
to a greater extent than is now the case. 

` But the real problem is not whether LDCs 
can become competitive and hold their own 
in each other’s markets. Problems of pricing 
and foreign exchange can work themselves 
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out in the world market. ‘The real problem is 
whether LDCs will persist in rapid growth 
despite the slowdown of the MDCs. If the 
economy is still dependent, the balance-of- 
payments weakness will pull it down; but if 
it has attained self-sustaining growth, the 
weakness in the foreign exchanges merely 
launches a drive to export to other LDCs, 
and the weakness in the balance of pay- 
ments is then only transitional. 

If a sufficient number of LDCs reach 
self-sustaining growth, we are into a new 
world. For this will mean that instead of 
trade determining the rate of growth of LDC 
production, it will be the growth of LDC 
production that determines LDC trade, and 
internal forces that will determine the rate 
of growth of production. Not many countries 
are ready to make this switch. India is an 
obvious possibility, along with some of the 
other subscribers to the Protocol of 1973. It 
is not possible for all LDCs to make this 
switch and neither is it necessary, for if 
leading LDCs grow fast and import heavily, 
they will substitute to some extent for the 
former rapid growth of MDCs. For those 
who use the language of center and periph- 
ery, this means that d number of countries 
leave the periphery and join the center. Or if 
they are specially linked to each other by 
preferential trade and currency arrange- 
ments, one may even speak of the creation 
of a new center consisting of former periph- 
eral nations that have built a new ogue of 
growth together. 

The shadow on this picture is ahai hap- 
pens to those LDCs whose best option has 
been to export raw materials to MDCs. Our 
exercise starts from the assumption that the 
growth rate of MDC demand is reduced, so 
these face surpluses and unfavorable terms 
of trade. We have provided an escape for 
LDCs that can turn to exporting food or 
manufactures, but we have not assumed that 
the new core LDCs will substitute for the 
MDCs by drinking more coffee or tea, or 
using more rubber and jute. This solution 
therefore involves some hardships for the 
less adaptable LDCs, constrained by climate 
or by the small size of their markets. A 
framework for helping them exists already 
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in the IMF’s compensatory financing, and 
in- the EEC’s STABEX support; but these 
are meant for temporary fluctuations. Big- 
ger and more persistent support would be 
required. l 

Transnational corporations would prob- 
ably play some part in the establishment of 
this new inter-LDC trading network. The 
cadre of domestic entrepreneurs is adequate 
in the more advanced industrial LDCs to 
manage most of the range of light consumer 
goods and light engineering products. One 
of our main concerns, however, is to di- 
minish reliance on MDCs for heavy ma- 
chinery and such, and this extends into 
fields where experience is limited. Since we 
are assuming that the market will send 
out price signals favoring production in 
LDCs, whether because of tariffs or of cur- 
rency adjustments, transnational corpora- 
tions will be eager to preserve their markets 
by establishing subsidiaries behind the pro- 
tective barrier. Hostility to such corpora- 
tions is universal and their influence is di- 
minishing in most sectors, especially in min- 
ing, public utilities, distribution, and fi- 
nance; but not in manufacturing, where 
judging by advertisements in the New York 
Times and the financial press, LDC govern- 
ments are only too anxious to invite the 
participation of transnational corporations. 
There are plenty of restrictions—-on the hir- 
ing of expatriate staff, on percentages of 
equity owned by foreigners, on borrowing in 
the local market, on technology, and so on. 
Also, in many cases joint ownership with 
local capitalists or with government agencies 
is prescribed. A government anxious to pro- 
mote industrialization and a corporation 
anxious to preserve or extend its market 
find common ground. | 

The awkward part of the exercise is to 
sustain the momentum of 6 percent growth 
through the transition from dependence on 
MDC trade to dependence on LDC markets. 
During this transition the leading industrial 
LDCs must establish their footholds in each 
others’ markets, as well as those of other 
LDCs; also the agrarian changes must occur 
which both feed the urban population and 
present a growing market for its goods and 
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services. It is possible that some of the lead- 
ing LDCs can take this in their stride, just 
as German industrialists launched their trade 
drive in the 1880’s, followed by the United 
States after 1895, by Japan in the 1930's, 
and more recently by Brazil. They do not 
have to begin with machinery, since LDCs 
still import so much light manufactures from 
MDCs. They can start here and move more 
gradually. into machinery. 

At the other extreme, it is also possible 
that there is simply not yet enough en- 
trepreneurial steam in the leading LDCs. to 
make this transition without a supporting 
framework. I have already mentioned the 
main international elements of such a 
framework, namely preferential tariff and 
currency arrangements. The domestic ele- 
ment consists of the maintenance of home 
demand in the face. of stagnant world trade 


- in primary products, so that the economy 


can continue to go forward instead of col- 
lapsing. Much of the responsibility for 
maintaining momentum then falls on the 
government, given its large share of the cash 
economy, and also the extent :to which it 
regulates or supports the private sector. It 
has to carry the responsibility for a large 
investment program (private and public) in 
human and physical capital. This responsi- 
bility could not be carried without external 
aid. The MDCs would have to be in a mood 
to say: we will not give you more trade; 
here for a while is more aid instead. 

The recession that started in 1974 has 
now lasted long enough for LDCs to con- 
sider the possibility that MDCs intend to 
maintain rates of GNP growth which will 
allow world trade to expand only at around 
4 percent a year. This would be a major 
blow to LDC growth aspirations, unless new 
steps were taken to support rising participa- 
tion of LDCs in LDC trade. I have been 
trying to analyze what these steps might be. 
They ought.to figure prominently in current 
North-South negotiations, but in fact they 
do not, since these negotiations tacitly as- 
sume that high MDC growth rates will soon 
be resumed. Perhaps this assumption will 
turn out to be correct; economics does not 
foretell the future. For the least, LDCs 
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should be discussing among themselves in 
what directions they would wish to go, prior 
to negotiations ‘with the MDCs. 

Of course, the problems tackled in this 
paper would not-arise at all if MDCs were 
willing to allow LDCs a greater share of 
MDC markets. This would be the logical 


evolution of a situation where LDCs grow. 


faster than MDCs; trade with LDCs should 
become an ever-increasing portion of MDC 
trade. We live in a strange world. Through 
the 1960’s and 1970’s, MDCs have been 
dismantling their barriers to each other’s 
trade while increasing their barriers to LDC 
trade. Since imports of manufactures from 
developing countries are only 2 percent of 
the consumption of manufactures in OECD 
countries, this indicates exceptional sensitiv- 
ity to minor change. Lack of sensitivity, on 
the other hand, characterizes the failure .of 
developed countries to recognize that de- 
pendence is mutual, in that the non-OPEC 
LDCs take 20 percent of OECD exports, 
and could ‘therefore by their prosperity help 
a little to sustain OECD prosperity. It can 
hardly be an OECD interest to force the 
LDCs into discriminating against OECD 
sources. 7 
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Nor would these problems arise ifthe 
MDCs would return to the attack on mass 
poverty within their own borders which they 
launched so successfully in the 1950’s and 
1960’s, and have now abandoned; since what 
we all really need is that world trade recap- 
ture its growth rate of 8 percent a year. But 
that is a different story. 
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The Dynamics of Spot and Forward Prices 
in an Efficient Foreign Exchange Market 
with Rational Expectations 


By JEROME L. STEIN* 


Many papers have examined the “ef- 
ficiency” of the foreign exchange markets 
during the current float and during the pre- 
vious adjustable peg period.’ An “efficient” 
market is one in which the current’ price 
fully reflects all relevant available informa- 
tion concerning the evolution of the system 


from the conditions prevailing at time t to 


those that will occur at t+1. The research 
strategy underlying this set of papers is as 
follows: If the markets can be shown to be 
efficient, then the market is setting current 
rates in a rational manner, given the pub- 
licly available information. The “unduly 
large” fluctuations in the exchange rate? do 
not result: from the activities of irrational 
speculators, but result either from the large 
random shocks that impinge upon the econ- 
omy or from the erratic behavior of the 
goverments in anccune the rate of ex- 
change. 

The types of tests used to evaluate the 
efficiency of the foreign exchange market 
have been carried over from the stock 
market literature; and their results are am- 
biguous and confusing. Kohlhagen summed 


*Brown University. Research on this paper began in 
1976 when I was a visiting scholar at the Federal 
‘Reserve Board. I am indebted to George Borts, Marvin 
Goodfriend, Steven Kohlhagen, and Keehwan Park for 
valuable criticisms of earlier drafts, and to the par- 
ticipants at my seminars at the Federal Reserve Board 
(April 1978), the Hebrew University (May 1978), the 
Swiss National Bank (June 1978), and Princeton Uni- 
versity (May 1979) for valuable suggestions. 

_ See the comprehensive description of these studies 

in Steven Kohlhagen. 

2Michael Dooley and Peter Isard examined the dol- 
lar-deutschemark exchange rate from May 1973 to June 
1977. They concluded that during the study period, the 
absolute values of month-to-month changes in the spot 
rate exceeded two cents per mark (an annual rate of 60 
percent) for 6 out of 60 months, and exceeded I cent 
per mark during 20 months. Interest differentials were 
small relative to these exchange rate movements. 
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up the state of recent research: 


First...it seems that the basis for this 
literature—namely, what is conclusive 
evidence of an efficient market-—has. 
not been very well developed. Or at 
least it has not been universally ac- 
cepted, as can be seen in the con- 
tradictory evidence presented in many 
of the studies. Second the techniques 
that are used suffer from being ad hoc 
applications from the stock market 
literature. That is, nobody has devel- 
oped. a notion of what an efficient 
foreign exchange market is and how it 
could be empirically tested, as a sep- 
arate and distinct mince from what 
an efficient stock market.. . -[p. 34] 


It is impossible to eval whether any 
asset market is efficient in processing in- 
formation without specifying a model which 
links prices expected to prevail at time t+ 1 
to prices which are then determined in | 
period t. A model which may be relevant for 
the stock market (for example, current prices 
are set to yield positive or constant expected 
returns) cannot be presumed to be relevant 
for the foreign exchange market. The aim of 
this paper is to describe the intertemporal 
pattern of spot and forward exchange rates 
in a dynamic model with rational expecta- 
tions; that is, where anticipations are 
informed predictions of future events based 
upon the correct model. 

My main conclusion is that the standard 
“efficient market” tests are not applicable to 
the foreign exchange (or any other) market 
where there is a feedback from the price, 
which equates the stock demand to the stock 
in existence, to the rate of change in the 
stock. The standard efficient market hy- 
pothesis tests whether the sequence of 
changes in the forward exchange rate, or of 


566 THE AMERICAN ECONOMIC REVIEW 


spot exchange rates adjusted for interest rate 
differentials, is a “fair game”;? that is, has a 
zero expectation and is not serially corre- 
lated. It is proved here that: 

In a market with rational expectations, 
(i) if there exist both risk aversion and 
responsiveness of the basic balance of pay- 
ments to the spot price, or (ii) if the “flow 
equilibrium price” which equates the basic 
balance to zero is changing, then neither the 
change in the spot price adjusted for interest 
rate differentials nor in the forward price 
will be a fair game. An examination of price 
sequences, per se, is incapable of determin- 
ing whether the exchange market is efficient 
in processing information. 

The basic balance of payments ( A(t)) over 
any interval of time is defined as the sum of 
net sales of goods, services, and long-term 
financial instruments to foreigners, by resi- 
dents of a.country. In a free exchange 
market, the balance of payments (BOP) is 
zero. 


BOP(t)=(net sales of goods and services + 
net sales of long-term financial instru- 
ments) — (net purchases of short-term 
financial instruments)= B(t) — AS(t) =0. 


The first term in parentheses is the basic 
balance B(t), the balance on current account 
plus the balance on long-term capital 
account. The second term is the short-term 
capital outflow AS(t), the change in net 
short-term claims against foreigners by 
private residents of a country. The eco- 
nomic question is: What mechanism of ad- 
justment produces a zero BOP over every 
interval of time in a free exchange market 
when expectations are rational? 

The accumulated sum of the basic bal- 
ances >'_,B(r) is the stock of net short- 
term claims ‘against foreigners, denoted by 
S(t) 2 0, since the basic balance B(t) is equal 
to the change in the stock of net short-term 
claims against foreigners AS(t). Using port- 
folio theory, a stock demand function for 
S(t) is derived relating the (logarithm of the) 


3See Appendix A below for a discussion of these 
concepts and a brief summary of empirical results. 
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price of foreign exchange p(t) to the stock 
S(t). The steepness of this curve depends 
positively upon risk aversion and negatively 
upon the sensitivity of the basic balance to 
the price of foreign exchange. 

Į define an equilibrium stock denoted by 
S, £0. At any moment of time, the price of 
foreign exchange p(t) adjusts to produce an 
expected rate of return on the stock of net 
short-term claims against foreigners which 
induces the public to hold in their portfolios 
the stock S(t) in existence. At that price, the 
short-term capital flow AS(t) exactly offsets 
the basic balance B(t). 

Basic balance B(t) is viewed as a function 
of the difference between the current price 
of foreign exchange p(t) and a value y(t) 
which is associated with a zero basic bal- 
ance. This value y(t) could be the price of 
foreign exchange derived, for example, by 
the monetary approach to the BOP such 
that: (i) the excess demand for money is 
zero and (ii) relative purchasing power par- 
ity prevails. 

The main result of our dynamic model 
with rational expectations is described sche- 
matically as follows. 


[ S(t) S,](—)[ p() — y(t) ](+) Bt) =AS(t) 
aoe sms | 


Feedback 


At any time, the “excess” stock of net 
short-term claims against foreigners [S(t)— 
S,] is predetermined. The price of foreign 
exchange p(t) adjusts to induce the public to 
willingly hold the existing quantity in their 
portfolios. This relation is based upon the 
stock demand function, and the exchange 
market clears. The resulting deviation [ p(t) 
— y(t)] of the price of foreign exchange from 
its longer-run equilibrium value affects the 
basic balance B(t). An excess stock of net 
short-term claims S(t)—S,>0 leads to a 
price below the longer-run equilibrium [ p(t) 
~~ y(t)]<0 and then to a negative basic bal- 
ance, that is, to an excess flow demand for 
goods and long-term financial instruments. 
A negative basic balance means that AS(t) 
is negative: and the stock of net short-term 
claims against foreigners converges to the 
equilibrium value S,. By the same process, 
the price of foreign exchange converges to 
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TABLE 1— RETURNS OR COSTS ASSOCIATED WITH SHORT-TERM ASSETS OR LIABILITIES 
IN DIFFERENT CURRENCIES, HEDGED OR UNHEDGED 


Dollar Return 
or Cost 
Dollars P(t)e’™# 
Foreign currency: 
Hedged Qia (te 
Unhedged P*(t+ Dje 


Expected Relative Rate 
of Return or Cost 


x(dD=lg OPi rr] 
E Xa t — Xa t 

UO =[Ep*t+1;t)—p()]—[iry- rr] 
=[Ep*(t+ 1; —p(t)}—x,(t)] 


Note: p(t) is the logarithm of the dollar price of foreign exchange P(t); Ep*(t+ 1;t) is the logarithm of the anticipated 
dollar price of foreign exchange at t+ 1, P*(t+1;t); ¢,4.,(t) is the logarithm of the price of forward exchange Q, (t) 
for delivery at t+ 1;x()=4,4;(t)—p(t) is the forward rate; x,(t)=ry(t)—rp(t) is the domestic less foreign interest 


rate. 


its equilibrium value y(t), for example, as 
determined by the monetary approach to 
the balance of payments. 

The speed of convergence depends upon: 
(i) the degree of risk aversion displayed by 
those who hold short-term claims against, or 
who have short-term liabilities to, for- 
eigners, and (ii) the responsiveness of the 
basic balance to the deviation of p(t) from 
y(t). 

From the dynamic analysis sketched 
above, the trajectories of the spot and for- 
ward prices are derived. Insofar as the price 
of foreign exchange p(t) converges asymp- 
totically to y(t), the change in the spot price 
(adjusted for interest rate differentials) is 
not a fair game. It is shown that when there 
is feedback from p(t) to the basic balance, 
there is no reason why the standard tests of 
market efficiency are relevant when expec- 
tations are rational. 


I. The Basic Model 
A. Portfolio Choice 


Consider a world with two currencies: the 
dollar and the foreign currency (for exam- 
ple, yen), with a free rate of exchange, P(t) 
dollars per yen. At any time there is a stock 
of net short-term claims against foreigners, 
U.S. claims against foreigners less foreign 
net claims against Americans, S(t) which is 
the sum of the U.S. basic balances. Some of 
thesé claims are denominated in dollars and 
some in foreign currency, and they are ap- 
propriately converted into a common cur- 


rency for summation. On the basis of the 
theory of portfolio choice, a demand for a 
stock of net short-term claims against for- 
eigners is constructed. 

A U.S. resident can hold short-term dol- 
lar assets or short-term foreign currency as- 
sets; and the latter can be held unhedged or 
hedged with a forward sale of foreign ex- 
change. The portfolio choice is based upon 
the following relative rates of return. 

Let the dollar price of a unit of foreign 
exchange at time t be P(t). 

(i) If P(t) is invested in a dollar asset 
yielding a rate of return rą per period, then 
P(t)e’™™ dollars will be received at the end of 
one period. Alternatively, if the unit of for- 
eign exchange is invested at the foreign in- 
terest rate rp per period, then e” units of 
foreign exchange will be received at the end 
of the period. There are two ways to convert 
e’F units of foreign exchange into dollars. 

(ii) The owner of the asset denominated 
in foreign currency could wait until time 
t+1 when the asset matures and sell each 
unit of foreign exchange for P*(t+ 1) dol- 
lars. Thereby P*(t+ 1) is a stochastic varia- 
ble (denoted by an asterisk). 

(iii) Alternatively, at time t when the 
foreign exchange is initially purchased, it 
can be simultaneously sold forward for de- 
livery at time t+1 at price Q,,,(t). Then 
QO.4:(te”* dollars will be received if the 
asset is held to maturity. The assumption of 
offsetting positions in the spot and forward 
markets is called hedging. 

Column 1 of Table | lists the dollars to be 
received at time t+ 1 from these three alter- 
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natives. Column 2 contains the expected 
rate of return from hedged and unhedged 
foreign currency assets, relative to the return 
on domestic assets. Let lowercase letters de- 
note the logarithms of corresponding upper- 
case letters, for example, p(t)=/nP(t). The 
term x,(t)=4,,,()—p(t) is called the for- 
ward rate, x,(t)=r,(t)—r,(t) is called the 
interest parity, x,(t)=x.(t)—x,(t) is the net 
covered yield, and U(t) is the expected yield 
on an uncovered position. The expectations 
or average operator is denoted by Æ. 

Institutions may incur liabilities in either 
the domestic currency or the foreign cur- 
rency. For example, a multinational firm 
may borrow either dollars or foreign cur- 
rency. to finance its operations; and it is 
obligated to repay in the currency initially 
borrowed. In this case, the firm is holding a 
negative asset. The cost of the liability 
(negative asset) is the same as the return on 
the corresponding asset. Consequently, col- 
umn 2 of Table 1 also describes the ex- 
pected costs of hedged and unhedged liabili- 
ties in foreign currency relative to the cost 
of a domestic currency liability. 

If the domestic currency is the safe asset 
and the foreign currency is the risky asset* 
for Americans, then the optimum ratio of 
hedged to unhedged foreign currency claims 
or liabilities can be derived from a capital 


*Investment in foreign currency assets, or the incur- 
ring of liabilities in foreign currency, is riskier than 
dealing in the domestic currency even when the posi- 
tion is hedged in the forward market. See Lawrence 
Officer and Thomas Willett, and my 1962 paper. (a) If 
the investor in foreign currency claims wishes to liqui- 
date his asset at time r prior to maturity at t+1, he 
must repurchase the forward exchange at price gır) 
and sell the spot exchange (derived from the sale of the 
asset) at price p(r). His exchange risk is that the 
forward price may change by a different amount than 
does the spot price. A similar argument applies to the 
case where a borrower of foreign currency, who has 
hedged by purchasing forward foreign exchange, wishes 
to repay the loan prior to maturity. The exchange risk 
in hedging does not refer to the price of foreign ex- 
change, as in the unhedged case, but to changes in the 
forward price relative to the spot price. (b) There is the 
probability, particularly in times of political or eco- 
nomic instability, that the foreign government ‘may 
impose restrictions on capital movements. When re- 
strictions are placed upon the sale of foreign exchange 
for dollars, foreign currency assets are not as liquid as 
domestic currency assets. 
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asset pricing model. The composition of an 
optimum portfolio of risky assets less liabil- 
ties depends upon x,(t) the hedged yield, 
U(t) the unhedged yield, and the variance- 
covariance matrix. 

The U.S. demand for a stock of net short- 
term foreign currency claims depends upon 
the yields (relative to ry) on hedged and 
unhedged foreign currency instruments in 
an optimum portfolio of risky assets, risk 
aversion, and wealth. At any time, there is 


SLet U(t) be the expected unhedged return and x,(t) 
be the expected hedged return, relative to the safe 
domestic asset yielding ry, as defined in Table 1. Then, 
the expected return per unit of wealth on the portfolio 
is u when fraction $, of wealth is invested in the 
unhedged risky asset and é; in the hedged risky asset 
(o2>0f%>0). 


(a) EUC tE ux (OY try =H 
The variance of the return on the portfolio is 
(b) a= fro) + Eh oRt2t EgO 


where g? is the variance of p*, the unhedged return; oj, 
is the variance of the hedged return (if the asset is 
liquidated prior to maturity), and o,,,, is the covariance. 
In an efficient portfolio of risky assets: 


( c) x,(t) a F oh +EH 
U) Eo2+é vo, 7 


If the covariance øo, y is zero, then the ratio &,,/€,, is 
described by 


(d) 
u(t) z xı(t)/oġ _ ratio of hedged to unhedged net 
E(t)  U(t)/o2 foreign currency claims 


There is good reason to believe that o,,,,20 (see my 
1979 paper, part IV). 

Equation (d) implies that the ratio of hedged to 
unhedged net foreign currency claims is positively re- 
lated to the expected yield per unit of variance. Using 
(d), we know the optimum composition of a portfolio 
of net foreign currency claims; and, given risk aversion 
and total wealth, we can determine the total demand 
for net foreign currency claims as described by equa- 
tion (1). 

SA firm doing business abroad often derives a 
marginal convenience yield from holding foreign cur- 
rency deposits as working balances. These working 
balances economize on transactions costs. Even if the 
hedged and unhedged yields were zero, there could be 
a positive stock of net foreign currency claims that 
would be demanded. Similarly, there could be a net 
stock of foreign currency liabilities that firms may want 
to maintain even when x,(t)= U(t)=0, to economize on 
transactions costs. The marginal convenience yields 
and wealth effects are subsumed under variable a(t) = 0 
in equation (1) below. 7 
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a stock S(t) of net claims against foreigners. 
To avoid revaluing the stock whenever the 
price of foreign exchange varies, it is con- 
venient to assume that the foreigners neither 
held dollar assets nor have they incurred 
dollar liabilities. Then the stock of net short- 
term claims against foreigners S(t) is just the 
net foreign currency claims. 

Equation (1) states that the price of for- 
eign exchange p(t) adjusts immediately to 
equate the demand for a stock of net short- 
term foreign currency claims to the stock in 
existence, S(t). This stock can‘ be positive or 
negative, depending on whether. short-term 
foreign currency claims are greater than or 
less than short-term foreign currency liabili- 
ties. : l 


(1) = AL U(t), x(t) a]=S), 4,>0 


It is convenient for subsequent algebraic 
analysis to linearize equation (1) as (1’), 
using the definitions of the uncovered and 
covered yields on short-term foreign cur- 
rency claims relative to claims on dollar 
assets. Risk aversion is reflected by 1/a, 
and 1/a,, the required changes in the un- 
covered and covered yields, respectively, to 
induce a unit increase in the stock of net 
short-term foreign currency claims de- 
manded. Parameter a, reflects a(t); the 
effects of the marginal convenience yield, 
risk, and wealth upon the demand for net 
foreign currency claims. 


(1) ag+a,[ Ep* —p(t)—x,(t) ] 


+ a| x(t) — x(t) | = S(t) 


A change in.the stock of net short-term 
foreign currency claims A.S(t), resulting from 
a nonzero basic balance, produces a change 
in the spot price A p(t) to induce a short-term 
capital flow AA(t) which equilibrates the 
stock demand with the new stock in ex- 
istence S(t)+AS(t). Equation (1) or (1^) can 
be viewed as determining the price of for- 
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eign exchange which equates the demand 
A(t) for a stock of net short-term foreign 
currency claims with the stock in existence 
S(t) 0. Or, the change in the price of fore- 
ign exchange induces a short-term cap- 
ital flow AA(t) which offsets the basic bal- 
ance B(t)=AS(t)=AA(t). 


B. Forward Market Equilibrium 


The demand for a stock of hedged short- 
term foreign currency claims depends upon 
the product of (i) the ratio of hedged to total 
foreign short-term currency claims in an 
optimal portfolio of risky assets, and (ii) the 
total stock of short-term foreign currency 
claims demanded. The ratio (i) of hedged to 
total depends positively upon the hedged 
return x,(t) and negatively upon the un- 
hedged return U(t). The total stock demand 
(ii) depends positively upon both the hedged 
and unhedged returns as described in the 
previous section. It follows that the stock 
demand for hedged foreign currency claims 
i$ positively related to the net covered yield 
x,(t); but, there may be a- weak relation 
between the uncovered yield U(t) and the 
total stock of hedged foreign currency claims 
demanded, since a rise in U(t) affects (i) and 
(ti) in opposite directions. Similarly,’ the 
stock of hedged short-term foreign currency 
liabilities. that people wish to incur depends 
negatively upon the hedged cost x,(t); and 
there may be a weak relation between the 
unhedged cost U(t) and the total stock of 
hedged foreign currency liabilities ‘for the 
same reason that applies to assets. 

Consequently, the: net stock of: hedged 
short-term foreign currency: claims de- 
manded is primarily a function of the net’ 
covered yield on foreign currency assets: 
x (t)=x(t)— x(t), the forward rate less the 
interest rate differential. This net stock de- 
mand for hedged foreign currency claims is 
precisely the net stock supply of forward 
foreign exchange by hedgers, denoted by H 
in equation (2). If x,(t) is positive, there will 
be a net stock supply of forward foreign 
exchange offered by hedgers,.H>0. When 
x,(t) is negative, then there is a net stock 
demand for forward foreign .exchange by 
hedgers (for example, by firms which have 
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chosen to borrow foreign currency with the 
exchange risk covered), H is negative. 


Q) HO 
=H[ x (t)]=H[ x0- x(t)] 


= net stock supply of forward exchange 
offered by hedgers 


Since foreign investment is riskier than 
domestic investment, many firms do not 
have a perfectly elastic supply of a stock of 
forward foreign exchange at a net covered 
yield of zero. To induce firms and house- 
holds to increase the quantity demanded of 
hedged net foreign currency claims, the net 
covered yield must rise. Mathematically, this 
discussion implies that H’ in equation (2) is 
‘not infinite over a wide range, though it 


may be infinite at x,(t)=0O over a narrow — 


interval. 

On the other side of the forward market 
are speculators, defined as those. who do not 
have offsetting spot and forward positions. 
The net stock: of forward exchange de- 
manded by speculators is positively related 
to the. expected return—the percentage. dif- 
ference between the spot price expected to 
prevail at the maturity of the contract and 
the current price of the forward foreign ex- 
change. Let Ep* denote the logarithm of the 
expected price of foreign exchange at the 
maturity of the contract at t+ 1, and q,, ,(t) 
=p(t)+ x(t) be the logarithm of the for- 
ward price of foreign exchange for delivery 
at t+ 1. Thé forward premium or discount is 
x,(t). The net speculative stock demand for 
forward exchange, denoted by G 20, is 
. positively related to the anticipated return 
Ep* — 4,4. = Ep* —p(t)— x(t). 


(3)  G(t)=G[| Ep*-p(t)—x(t)] 


When G is positive, then speculators are 
long forward foreign exchange; when G is 
negative, then speculators are short forward 
foreign exchange. - 

:! Equilibrium occurs in the forward market 
when equation (4) is satisfied—~the excess 
stock. of forward exchange offered (de- 
manded) by hedgers is equal to the excess 
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stock of forward exchange demanded (of- 
fered) by speculators. In this equation H 
and G have been piecewise linearized as h 
and g, respectively, to facilitate subsequent 
algebraic solution. 


(4) H(t) = h| x(t) = x(t) | 
=G(t)=g| EP* —p(t)—x(t)] 


For relatively small positions, hedgers may 
have perfectly elastic excess supply func- 
tions at x,(t)=0, i.e., H’=h may be infinite. 
In that range, the forward rate x,(t) will 
equal the interest parity x,(t). At larger posi- 
tions, the excess supply (H) function may 


not be perfectly elastic, H’ =h may be finite. 


C. The Rate of Change of Net 
Short-Term Foreign Currency Claims 


For simplicity, it was assumed that short- 
term claims against, or liabilities to, for- 
eigners are held in foreign-currency-denom- 
inated instruments. Then, in a free exchange 
market, the change in S(t) (the net stock of 
short-term foreign currency claims) is equal 
to the basic balance, defined as the current 
account plus the long-term capital account 
plus unilateral transfers. Thus B(t)= 
DS(t), D=d/dt. 

Write the basic balance as a function of 
the difference between the logarithm of the 
current -price of foreign exchange p(t) and 
the logarithm of its longer-run equilibrium 
value y(t), plus a random disturbance term 
u(t). Let E[u(t)]=0 and Eu(s)u(t)=6,,07, 
where ô is the Kronecker delta. 


(5) DS(t)=B(t)=cl p(t)—y(t)] + u(t) 


Parameter y(t), which is defined as the 
equilibrium rate of exchange, can be related 
to the rate of exchange implied by the 
monetary. approach to the balance of pay- 
ments.’ Within that framework, the BOP 
will be in equilibrium when (a) the excess 


_ "See Lance Girton and Don Roper, Rudiger Dorn- 
busch, Jacob Frenkel, Michael Connolly and J. D. da 
Silveria, and Jurg Niehans. ` 
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demand for money is zero, and (b) relative 
purchasing power parity prevails. Condition 
(a) implies that the stock of real balances 
M/Z,, is equal to the demand L(-), where 
M is the stock of money and Z,, is the 
domestic price index. 


ConpITION (a): M/Z,=L(-) 


Relative purchasing power parity Condi- 
tion (b) is satisfied, if the ratio of the 
domestic price index Zy to the foreign price 
index Z, is equal to the dollar price of 
foreign exchange. 


CONDITION (b): P=Z,/Z, 


When both conditions are simultaneously 
satisfied, then the price of foreign exchange 


P is equal to its equilibrium value Y as — 


described by 


CONDITION (c): Y=M/L(-)/Z;, 

Write Condition (c) in terms of loga- 
rithms, denoted by lowercase letters: y(t) = 
m(t)—z,(t)—/(t). Basic balance equation (5) 
can then be written as (5’): 


(5) DS(t)=B(t)=c[ p(t)—y(t)] + u(t) 
=c| (p(t) +z-(t) —z,,(t)) 
+ (2 5,(t)+ A(t) —m(t)) | +u(t) 


When the price of foreign exchange p(t) 
differs from its equilibrium value y(t) in 
equation (5), then either (1) purchasing power 
parity is violated, p+z,—z,#0, or (ii) the 
stock of money is not equal to the quantity 
demanded, z,,+/—m+#0. In case (i), there 
will be an imbalance in the current account, 
and in case (ii) there will be an imbalance in 
the long-term capital account. The net result 
is that when p(t)>y(t), then there will be on 
average a positive basic balance DS(t)>0, 
and when p(t)<y(t), there will be on aver- 
age a negative basic balance. 

Coefficient c reflects the speed at which 
the basic balance responds to deviations of 


the exchange rate from purchasing power 


parity and to disequilibrium in the money 
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market. The dynamic process discussed be- 
low depends upon the nature of the basic 
balance function (5). If it contained more 
lagged terms, the dynamics would be richer 
but more complex. 


I. The Stock Demand Function and 
Rational Expectations 


A. A General Stock Demand Function 
Implied by the Model 


When people willingly hold the existing 
stock of ‘net short-term foreign. currency 
claims (equation (1’) is satisfied) and the 
forward market is in equilibrium (equation 
(4) is satisfied), then the resulting spot price 
is described by equation (6). This is a gen- 
eral stock demand -function relating p(t) 
negatively to S(t). The interest rate differen- 
tial x,(t) is exogenous to this model and the 
price anticipated to prevail in t+1 given the 
information used by.the market in t, de- 
noted by Ep*(t+1;t), is a parameter in this 
equation. Stock demand function (6) per se 
says nothing about market efficiency. 


(6) 
p(t)= —y| S(t)—ao] + Ep*(t-+ 1,t)—x3(t) 


where y=(g+h)/[a,(gt+h)+a,8] 


It is illuminating to rewrite (6) as (6^ 
where the left-hand side is the expected un- 
covered yield on foreign currency claims (or 
the cost of uncovered foreign currency lia- 
bilities): 


(6) U(t)=Ep*(t+1,t)—p(t) —x,(t) 
=| S(t)—ao] 


The logic of these equations is quite simple. 
Suppose that the adjusted stock, defined as 
S(t)—@_, were positive. Then the price of 
foreign exchange must induce people to hold 
this predetermined stock in their portfolios. 
The expected rate of return on foreign cur- 
rency claims must exceed the rate of return 
on domestic currency claims by an amount 
U(t) = Ep* — p(t)—x,(t) which compensates 
them for the higher risk associated with the 
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claims denominated in foreign currency. The 
risk premium per unit of foreign exchange, 
y[S(t)— ao], rises linearly with the total posi- 


tion and y reflects risk aversion. In the’ 


special case where there is a perfectly elastic 
supply of arbitrage funds (1.e., h is infinite) 
then the term y is 1/a,. This term reflects 
risk aversion since it is the change in the 
expected unhedged return necessary to in- 
duce a unit change in the stock demand (see 
equation (1’) above). ` 

If S(t)— a, is negative (for example, there 
are net short-term foreign currency liabili- 
ties), the expected cost must be less than the 
cost of incurring liabilities denominated in 
the domestic currency in order to induce 
people to maintain this stock of net short- 
term foreign currency liabilities. The reason 
is that foreign currency liabilities are riskier 
to U.S. residents than corresponding liabili- 
ties in domestic currency (just as foreign 
currency assets are riskier than correspond- 
ing domestic currency assets). The relative 
cost of foreign currency liabilities U(t) 
should be negative. 

It is ‘convenient to define the equilibrium 
stock of net foreign currency claims denoted 
by S.(t) as the stock S(t) associated with no 
anticipated change in the price, i.e., 


(7a) S,(t)=[ S(t)| ZEp*(t+ At;t) ~p(t) =0] 


which, along stock demand function (6), 
implies: 
(7b) —-¥[ S,(t)— ag] +x5(t) =0 


Using the definition of the equilibrium stock 
S.(t), stock demand function (6) can be writ- 
ten as 


(8) p(t)=Zp*(t+ Att) — y[ S(t) —S,(t) ] At 
y=(g+h)/[a,(g+h)+ a,2) | 
B. A Rational Expectations Stock 
Demand Function 
When markets are efficient, then expecta- 


tions are (rational) informed predictions of 
. future events based upon the true model. 
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The subject of this section is the derivation 
of a particular stock demand function,® 
when expectations are rational, from the 
general stock demand function, equation (8). 
The rational expectations assumption is 


(9) p*(t+ At; t)=p(t+At)+y 


where y has a zero expectation and is not 
serially correlated. 

Let the V(-) function in equation (10) 
below be the unknown rational expectations 
stock. demand function relating the (loga- 
rithm of the) spot price p(t) to the stock 
sO =Q of net short-term foreign currency 
claims. 


(10) p()=V[S()]=%+ V8) 


Rational expectations assumption (9) and 
equation (10) imply that the price expected 
to prevail at t+ At depends upon the stock 


-expected to be in existence at that date. 


(11) Ep*(t+At;t)= EV] S(t+At) | 


Substitute (10) and (11) into stock demand 
equation (8) and derive: 


(12) EV[ S(t+At)]-V[S(t)] 
=y[| S(t)—S,(t) | At 


where the length of the period is explicitly 
introduced. Equation (5) implies that 


(5”) 
S(t+ At)=S(t)+ {c| p(t)—y(t)] +u(t)} At 


As is shown in Appendix B below, the 
negatively sloped rational expectations stock 
demand function (10) is described by equa- 
tion le): | 


(13) p(t)=y(Q)—-V y/e [ S()-S.(0) ] 
Stock Demand 


and is graphed in Pigs IA. 


®The inspiration for this approach comes from 
Martin Beckmann. 
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HI. Exchange Rate Dynamics When 
Expectations are Rational 


. A. Trajectories of the Spot Price and 
Stock of Net Short-Term Claims on 
Foreigners 


The dynamics of the spot price of foreign 
exchange, in a free exchange market with 
rational expectations, are described by equa- 
tions (5) and (13) and are graphed in Fig- 
ures 1A-B and 2. 

At any time, the stock of net short-term 
foreign currency claims S(t) is predeter- 
mined. The spot price p(t) adjusts almost 
immediately to equate the quantity de- 
manded to the stock in existence. The short- 
term capital flow exactly offsets the basic 
balance. This price is determined by stock 
demand equation (13), graphed as DD’ in 


Figure 1A, so that the rationally anticipated. 


percentage change in price is equal to the 
marginal opportunity cost plus a risk pre- 
mium. If the stock S(t)—S,(t) is equal to 0A 
in Figure 1A, when the flow equilibrium 
price is y(t), then p(t) will be p,. The slope of 
the stock demand function (Figure 1A) de- 
pends upon risk aversion and the respon- 
siveness of the basic balance to the spot 
price. 

Given the flow equilibrium price y(t) and 
random shocks u(t), the spot price p(t) de- 
termined by the stock demand function 


D,D; operates upon the basic balance 
(equation (5) or Figure 1B) to determine the 
change in net short-term foreign currency 
claims. To continue with the above example, 
if the spot price is p, then (on average) the 
basic balance (i.e., the change in the stock 
of net foreign currency claims) is DS(t)=0a, 
<0 in Figure 1B. The new stock of net 
short-term foreign currency claims is 0A + 
0a,:At< 0A. Given the smaller quantity S(t), 
the new spot price will exceed p,. The dy- 
namics are indicated by the arrows in Fig- 
ure 1A. The convergence of S(t) to its 
equilibrium value S, is derived by substitut- 
ing (5”) into (13) to derive equation (14). 


(14) DS(t)=—Vye [S(t)—S,()] +u(t); 
D=d/dt 


The left-hand side is the basic balance, 
which is the excess flow supply of goods and 
long-term securities in a free exchange 
market. Equation (14) states that if the stock 
of net short-term foreign currency claims 
exceeds the equilibrium value (i.e., there is 
an “excess” stock S(t)—S,(t) > 0), then there 
will be an excess flow demand for goods 
and long-term securities (i.e. a negative 
basic balance). It is for this reason that S(t) 
converges monotonically to S,(t) in the ab- 
sence of shocks. 

To determine algebraically the trajectory 
of the spot price p(t), differentiate stock 
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p(t) 


time 





FIGURE 2 


demand equation (13) with respect to time 
and substitute the basic balance equation 
(5’) for DS(t). Equation (15) is derived. As- 
sume that the equilibrium stock S(t), de- 
fined in (7b), is constant. 


(15) Dp(t)=Dy(t)— Vye [ p()—y()] © 


—Vy/e u(t); Eu(t)=0 
D=d/dt 


This equation describes the percentage 
change in the spot price (since p(t) is a 
logarithm) in a rational expectations frame- 
work. It is my basic equation. 

We can solve for p(t) in closed form and 
derive equation (16a) or (16b). The term in 
braces is the rationally expected price at 
time t from the vantage point of t= 0. When 


flow equilibrium price y(t) is constant, then 


equation (16a) is described by Figure 2. 
(16a) p(t)={ y(t)+[ p(0)-y(0) Je" } 
t 
— V y/c f e Vre t-Dy(r)dr 
0 


(16b) p(t)=Ep(t;0) 
—Vy/e [ee Ou(a) de 
0 


The spot price p(t) converges asymptoti- 
cally to flow equilibrium price y(t), except 
insofar as it is subjected to shocks u(t) as- 
sociated with the basic balance of payments. 
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In Figure 1A, the spot price is determined 
by the stock demand function DD’, equa- 
tion (13), and the stock of net. short-term 
foreign currency claims. In Figure 1B, the 
rate of change of the stock is determined by 
the price generated by Figure 1A, relative to 
the flow equilibrium price y(t) and shocks 
u(t). Figure 2 shows the trajectory of the 
expected price of foreign exchange at time t, 
from the vantage point of time zero. The 
expected price Ep(t; 0) converges asymptoti- 
cally to flow equilibrium price y. 


B. Effects of Disturbances Upon Spot 
Price Dynamics 


1. A Parametric Change in the Price which 
Produces a Zero Basic Balance 

Suppose that flow equilibrium price y(t), 
rose from y to y’ because either the stock of 
money rose relative to the demand or the 
foreign price level declined. The basic bal- 
ance function (equation (5)) shifts upwards ° 
in Figure 1B from B, B; to B, B}, with a new 
intercept y’ associated with a zero basic 
balance of payments (flow equilibrium). If 
the price of foreign exchange remained at 
Pı the basic balance deficit would have 
increased to a, from a}. 

The rational expectations stock demand 
function (equation (13)) shifts up vertically 
in Figure 1A from D;D; to D, D; with a new 
intercept of y’. The rise in the rationally 
expected price of foreign exchange raises the 
unhedged yield on the stock of net foreign 
currency claims, and increases the stock of 
net foreign currency claims demanded. 
Given the stock of net short-term foreign 
currency claims 0A (Figure 1A), there is an 
excess demand equal to p;p, at price p}; 
and the price of foreign exchange rises im- 
mediately to p; to equate the new stock 
demand D, D; with the existing stock 0A. 

No change occurs in the basic balance, 
because the price of foreign exchange im- 
mediately adjusts to the change in the flow 
equilibrium price. The change in the spot 
price p, pi is equal to the change in the flow . 
equilibrium price? yy’. This sudden rise in 


*This is consistent with the results of Girton-Roper 
and Connolly-da Silveira. 
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De. p(t) > pít) B’ 
D, Pe aT 


O DS,DS; EDS(t) 


(B) 


FIGURE 3 


price would appear strange to some ob- | 


servers who would note a depreciation of 
our exchange rate ( p Pi) with no significant 
deterioration in the basic balance.'° Insofar 
as old price p, was below old flow 
equilibrium price y due to risk aversion, the 
new price of foreign exchange p} is below 
the new flow equilibrium price y’; and there 
still is a negative balance 0a,. 

As a result of the basic balance deficits, 
the stock of net foreign currency claims 
declines below 0A. The smaller stock of net 
foreign currency claims decreases the risk 
premium y[S(t)—S,]; and the price of for- 
eign exchange converges along the new stock 
demand function D, D; to y’ in the direction 
of the arrows in Figure 1A. This is described 
in Figure 2. Moreover, the rise in the price 
of foreign exchange from p} to y’ reduces 
the basic balance deficit to zero in Figure 
1B. Then there is both stock and flow 
equilibrium. 


2. A Rise in Risk Aversion 

Suppose that there is an increased aver- 
sion to risk, such that a larger increase in 
the expected return is required to induce 
people to take an uncovered position. This 
could be produced, for example, by an in- 
crease in the variance of disturbance term u 
or by a greater fear of erratic government 
intervention in the foreign exchange market. 


10 This is an implication of rational expectations. 


Mathematically, the greater risk aversion is 
reflected by a rise in y, the slope of the 
stock demand function equation (13). Fig- 
ures 3A-B and 4 describe the effects of a 
rise in risk aversion upon the spot price 
dynamics. A rise in y rotates the stock de- 
mand from D,D; to D,D; in Figure 3A. To 
induce the market to hold the same position, 
a greater expected return must be offered. 

Suppose that there is a net stock of for- 
eign currency liabilities S,<0. Then, a rise 
in risk aversion would decrease the stock of 
foreign currency liabilities that people want 
to maintain to $, at price p, in Figure 3A. 
People would try to decrease their outstand- 
ing foreign currency liabilities by demand- 
ing spot foreign exchange; and thereby re- 
paying their loans. The excess demand for 
foreign exchange would raise the price to p}. 
A greater expected appreciation of the dol- 
lar, or expected depreciation of the foreign 
exchange, is required to induce people to 
maintain stock S, of net short-term foreign 
currency liabilities. 

As a result of the rise in the price of 
foreign exchange to p4, the basic balance 
rises from DS, to DS. There would be a 
more rapid convergence of the price p(t) to 
the flow equilibrium price y. 

Figure 4 describes the trajectory of the 
expected price when the initial stock of net 
foreign currency liabilities is S, (in Figure 
3A). A rise in risk aversion from y to y’ 
shifts the trajectory from Fp(t;0;y) to 
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FIGURE 4 


Ep(t; 0; y^) in Figure 4. The initial spot price 
rises from p,(0) to p5(0), the variance of the 
spot price increases and the expectation of 
-the spot price converges at a faster rate to 
flow equilibrium y. The speed of conver- 
gence is (yc)'/*, the product of risk aversion 
and the sensitivity of the basic balance to 
the spot price. In Figure 3A, a rise in risk 
aversion makes the stock demand rotate to 
D, D3, from D,D; to increase its steepness. 
In Figure 3B, I show the basic balance 
function relating the expected basic balance 
to p(t)—y(t). In Figure 4, the trajectory of 
P(t) to flow equilibrium y is changed when 
risk aversion rises to y’ from y. 


IV. Efficient Market Tests 
A. Changes‘in the Spot Price 


The standard “efficient market” tests used 
in connection with the stock market are not 
applicable to the foreign exchange (or any 
other) market where there is a feedback 
from the price, which equates the stock de- 
mand to the stock in existence (equation 
_(13)), to the rate of change in the stock 
(basic balance equation (5)). In this section 
Proposition 1 is proved. 


PROPOSITION. 1: In a market with ra- 
tional expectations (i) if there exist both risk 
‘aversion (y>0) and a responsiveness of the 
basic balance to the spot price (c >9), or (ii) if 
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the flow equilibrium. price y(t) is changing, 
then the percentage change in the spot price 
adjusted for interest rate differentials will not 
be a fair game." 


Equation (15) is the rational expectations 
percentage change in the spot price, assum- 
ing that the interest rate differential is con- 
stant. The mathematical expectation of 
Dp(t), with respect to disturbance u(t) is _- 


(17). E,Dp(t)=Dy(t)— Vye [ p(t)—y(t)] 


and Proposition 1 above is based upon this 
equation. 

Suppose that the the stock of money is 
growing at rate u relative to the demand for 
real balances. Then the rate of change of the 
flow equilibrium price y(t) which’ produces a 
zero basic balance of payments is" 


(18) Dy(t)=p(t) 


The domestic price level will eventually rise 

at rate u, relative to the foreign price level. 
Substitute (18) into (17) and derive? 

equation (19). 


(19). E,Dp(t)=n—Vye [ p(t)—y(t)] 


There are two reasons, based upon (19), 
why the change in the spot price is not a fair 
game when expectations are rational. 

First, suppose that the flow . equilibrium 
price were constant at y and interest rate 
differential x, were zero. Figures 2 and 4 
describe how the spot price p(t) converges to 
y at rate (yc); they are based upon 
EDp(t)= —(ye)'*[p()—y()]. As long as 


. p(t) is below (above) y, the spot price is 


rising (declining). Changes in the spot price 
even when adjusted for interest rate dif- 
ferentials are serially correlated; therefore, 


HSee Appendix A for a definition of a fair game. 

Tet M/L(-)=e** describe the monetary policy. 
Then y(t)= m(t)—/(t)—zp=pt—zp and Dy(t)=p. 

3 This analysis does not depend upon the usefulness 
of the monetary approach to the balance of payments, 
but uses it as an example of how the spot price p(t) 
converges to the flow equilibrium price y(t) where the 
expected value of the basic balance is zero. 
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EDp(t) is not a fair game. The spot price p(t) 
is not a martingale. 

The reason why the spot price is not.a 
martingale is that Ep*—p(t), the expected 
change in price, is equal to a risk premium y 
times the total adjusted net position S(t) — 
S,; and there is a flow excess supply DS(t)= 
c{ p(t)—y(t)] + u(t), c#0. Insofar as p(t) dif- 
fers from y, the stock varies. In turn, the 
total risk premium y[S(t)—5S,] varies. That 
is why Ep*—p(t) varies in a systematic 
manner, so that the price is not a martingale. 
In the stock market literature, the stock 1s 
assumed to be perfectly inelastic in supply: 
c=(Q so that there is no feedback from the 
spot price to the change in the stock. Under 
those conditions, EDp(t) would be zero. The 
change in the spot price would be a fair 
game, because the risk premium is not 
changing in a systematic way. 

Second, suppose that the flow equilibrium 
price is changing in a systematic way, for 
example, Dy(t)= 0 in equation (19). Then 
there is a change in the intercept in Figures 
1A and 2; and this movement of y(t) is 
systematic. The spot price moves along the 
curves in Figure 2 which are shifting in a 
systematic manner, and are asymptotic to 
constantly changing values of y(t). 

The expected percentage change in the 
spot price would be given by (19); and that 
is not a fair game EDp(t)+0. Insofar as the 
interest rate differential x,(t) reflects the 
relative rates of monetary expansion, then 
the percentage change in the spot price ad- 
justed for interest rate differentials is EDp(t) 
~p=—(yc)'7[ p(t)—y()], which is not a 
fair game. 

For these two reasons, the change in the 
spot price (even adjusted for interest rate 
differentials) will not be a fair game in a 
foreign exchange market with rational ex- 
pectations. This proves Proposition 1 above. 


There are many types of “nonefficient” 
markets where expectations are not in- 

formed predictions based upon the true 
~ model. The question is: Can a nonefficient 
market be distinguished from an efficient 
one? 

If expectations were formed adaptively, 
rather than “rationally,” then the spot price 
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is described by equations (5), (8), and by (9’) 
instead of (9). | 


(9) Dp*(t)=8[ p(t)—p*(t) | 
The dynamic system is 
(20) Dp(t)=—ye[ p(t)—y(t) ] 
-BY S- Se] —yu(t) 
(5) DS(t)=c[ pt) -y(t)]+ult) 


This system is stable, but may display oscil- 
latory behavior if ß is large relative to yc. 
Suppose that y(t) were constant. The equa- 
tion for the expected change in the spot 
price: 


(21) 
E,, Dp(t) = —ye[ p(t)—y(t)] — By[ S-S] 


is quite similar to the rational expectations 
equation (22) based upon (17). 


(22) E,Dp(t)=—Vye [ p(t)—»()] 


Neither equation implies that EDp(t) is zero. 
Consequently, the standard efficient market 
test based upon fair game properties of se- 
quences cannot discriminate between ra- 
tional and adaptive expectations. 

This discussion can be summarized as 


PROPOSITION 2: <An examination of the 
time-series per se of spot foreign exchange 
rates cannot reveal whether or not the foreign 
exchange market is efficient. 


B. The Forward Price 


Many efficient market tests have been 
concerned with whether the forward price 
q(t) of foreign exchange to be delivered at 
time T is a martingale, or if the change 
qrít+1)—qr(t) is a fair’ game. It is now 
proved that this property is neither a neces- 
sary nor a sufficient condition for a foreign 
exchange market with rational expectations. 

Equations (1^) and (4) can be solved 
simultaneously for the spot price p(t) and 
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the forward rate x(t). The former is de- 
scribed by equation (6) and the latter is 
described by equation (23). In both equa- 
tions the anticipated price Ep*(t+1;t) is a 
parameter. 


(23) 
x2) = 4141) -P= + É [SO —ag] 


A=a,(gth)+a.g 


When the hedging function is perfectly 
elastic (h->00), then g/A is zero, and the 
forward rate x,(t) is equal to the interest 
parity x,(t). Even if the hedging function is 
not perfectly elastic, a change in the interest 
parity produces an equal change in the for- 
ward rate. 

Substitute equation (6) for p(t) into (23) 
and derive equation (24) which describes the 
forward price. Let the maturity date be fixed 
at time T>t. 


(24) gq(t)=Ep"(Tst)— 4 [ S(t) a9] 


The bias of the forward price from the an- 
ticipated price is a function of the total risk 
premium, which is the product of the ad- 
justed stock of net foreign currency claims 
S(t)—a, #20 and risk aversion A/A, when 
the hedging function is perfectly elastic h/A 
=1/a). 

When expectations are rational, the an- 
ticipated price is the mathematical expecta- 
tion of the price that will prevail at time T 
conditional upon the information available 
at initial date t. This rationally anticipated 
price is described by!? equation (25) or by 


4See John Pippenger and George Pedersson and 
Edward Tower for evidence concerning the elasticity of 
supply of arbitrage funds, between the United States 
and Canada, with respect to the interest rate parity. 

The price p(T), given initial conditions p(t), is 
derived from equation (16). 


p(T) =T) + pye YE T-9 


—Vy/e J ey outa) de 


Take the expectation Ep(T; t) and derive equation (25). 
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the curves in Figure 2 for y(t) equal to either 
yory’. 

(25) 

E,,p*(T;t)=y(T)+[ p(t)—y(t) Jew e T-9 
Substitute the rationally expected price 
equation (25) into equation (24) and derive 


the forward price at time t of a contract 
maturing at time T. 


(26) ar =f »(T)+[ p()—»()] . 
e een] — 5 [ S(t)—ag] 


The first term on the right-hand side is the 
rationally expected price Ep*(T;t) and the 
second term is the (positive or negative) risk 
premium. 

In general, the change in the forward 
price of a contract maturing at time T is 
equation (27), based upon (24). 


(27) 
Dq,(t)=DE,, p*(T; t)— 7 DS(t); D=d/dt 


f 


When expectations are rational, the change 
in the forward price Dq-(t) is obtained by 
differentiating (26) with respect to time t, 
and using (5) and (15) above to derive:16 


(28) 
Dqr(t)=Dy(T) ~ Vy/c e7 TP u(t) 


- 4 fe(p(t)—r) +u(0)] 


16This derivation is as follows. 


(a) 
DEp*(T; t)=Dy(T)+[ p(t)—y(]e~ V4" T-9Vye 
+e" VIE T-OD[ p()-y(9] 
= Dy(T) +e- Vre T-9 


-{ DL p(t)—»®]+ Vye [p(y O]} 
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The expected change in the forward price 
of a contract maturing at time T is equation 
(29) based upon (28) and Eu(t)=0. 


(29) E,Dq7(t)= =EDy(1)-[ p O70) 


The change in the price of a futures Sonic 
maturing at time T consists of two parts: (a) 


the change in the total risk premium result- 


ing from the change in net claims, and (b) 
the change at time t in the anticipated flow 


equilibrium price at time T. Consider each 


component in turn. 

(a) The risk premium, or bias of the 
forward price form the anticipated price, is 
(h/ AJ S(t)—ag]. As the spot price p(t) con- 
verges to the flow equilibrium price y(t), the 
stock of net short-term claims against for- 
eigners changes. Thereby, the risk premium 
or bias changes in a serially correlated 
‘manner: EDS(t)=c[ p(y]. Given the 
anticipated flow equilibrium price, the for- 
ward price will change along with changes 
in the risk premium. 

(b) The anticipated flow equilibrium 
price at the maturity of the contract at time 
T is 


(30) »(T)=m(T)-z;(T)-:(T) 


as defined earlier. Graphically, let y’ in Fig- 
ure 2 above be y(T). In the model presented 


Using (15) 

Delt) =Dy()— Vre [()—»O)]- VIe w(t 
(b) DEp*(T;t)=Dy(T)- Vy/e eV" T-9u(1) 
Substitute (b) ii a and obtain 
(©) | 

Dar(t)=Dy(T)— Vy/e eV AH u(t) - 4 DS) 
Using (5) in (c), derive 
(d) Dag (t)=Dy(T)— Vy/c e~ Ve T-9u(t) 
- Ff e(p()—»(t)) +u] 


which is equation (28). 
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here, the. uncertainty does not refer to the 


‘flow equilibrium price y(t), but to the basic 
‘balance associated with any (p(t)—»(t)) in 


equation (5). Consequently, at any time, 
EDy(T;t)=0; and the change in the for- 
ward price Dq(t) is not a fair game, only 
because the risk premium changes at rate 
(h/A)DS(Q). If the change in the stock is 
sufficiently small, due to the narrow interval 
of time considered, then the forward price 
q(t) should indeed be a martingale.” 

In reality, the flow equilibrium price y(T), 
which is an exogenous variable, is not known 
with certainty. For example, the expectation 
of y(T; t) may converge to a true value (say) 
given by equation (30) as t converges to T. 
As time:approaches the maturity date T, 
market participants make even more accu- 
rate forecasts of the m(T)— Z,(T)—(/(T), 
which are exogenous to the model. Suppose 
that y’ in Figure 2 corresponds to y(T) in 
equation (27); but, at.the initial date t, the 
expectation Ey(T;t) is given'by y. As t con- 
verges to T, the public understands better 
what the policy and exogenous variables 
will be, and Ey(T;t) converges to y’. Thus 
EDy(T) in equation (27) is not zero, but, as 
illustrated in Figure 2, it is positive. 

Formally, it is suggested that the error 
(T-t) in forecasting the policy and exoge- 
nous variables in force at time T diminishes 
as t approaches T. 

In my current research, on commodity 
markets, I found that the bias and forecast 
errors decrease as'the time to maturity of a 
forward contract decreases. 


(31a) 
[ Ey(T; t)—»(T) P=4(T-1); $0), p’ >0 


Then, the change in the expected flow 
equilibrium price is" 


-T-t 


(31b) DEy(T;t)= 2] EXT; Yy] 


#0 


17The seminal work is by Paul Samuelson. We could 
allow new information about y(T) to be a random 
variable with a zero expectation, so that there is. no 
trend to Ey(T;t). 
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Substitute (31) into (29) and derive (32). 


__-¢(T-+) 
(32) E,Dqr(t) ~ 2] Ev(T3)—»(1)] 


-< tp] 


The forward price will not be a martingale 
(and its change will not be a fair game) 
because both the risk premium, and the 
error in forecasting the policy and exoge- 
nous variables in force at time T, vary in 
systematic ways. 

This section may be summarized by 


PROPOSITION 3: In a model.of rational 
expectations the forward price q(t) will not 
be a martingale if: (1) the spot price affects the 
basic balance (c >0) and there is risk aversion 
(y>0), or (i) the market participants’ fore- 
cast errors of the policy and exogenous varia- 
bles in force at time T decrease as the distance 
to time T decreases. 


‘An implication of the propositions above 
is that the standard efficient market tests do 
not have the power to discriminate between 
“rational” expectations and some other way 
of forming anticipations. The contribution 
of this paper is a description of the trajecto- 
ries of spot and forward exchange rates when 
expectations are formed rationally, (i.e., are 
based upon the‘ structure of the model),'® 
and there is a feedback from the stocks to 
the price to the rate of change of the stock. 


APPENDIX A: TESTS OF MARKET EFFICIENCY 


Concepts: If a price Z(t) is a martingale, 
then the conditional expectation of the price 
at the next period is the current price, as 
described by equation (Al). The expecta- 
tions operator is denoted by E. 


(Al) | 
E[ Z(t+ 1); Z(t), Z(t—1),..., Z(0)] =Z(t) 


This means that all information concerning 


18See John Muth. 
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the past history of prices which affect Z(t+ 
1) is fully reflected in the current price Z(t). 
The best predictor of Z(t+1) is Z(t). Ad- 
ding Z(t—1), Z(t—2)...or any other series 
to Z(t) will not improve the prediction of 
Z(t+ 1). 

Sequence {Z(t)} is a martingale if, and 
only if, the change in the price X(t)= Z(t) — 
Z(t—1) is a fair game. A sequence { X(t)} is 
a fair game if (A2) is satisfied. 


(A2) E| X(t+ 1); X(t), X(t—1),..., XU) ] 


= E[ X(1)]=0 


This means that the expected ‘change in the 
price 1s zero. 

If a sequence is a martingale, then no 
filter (i.e., buy and sell) rule will be profita- 
ble on average. Equation (A3) will be satis- 
fied when Z(t) is a martingale and e(t) 
represents a buy (—1) or sell (+1) deci- 
sion. Variable W(t) represents accumulated 
wealth resulting from the {e(t)} strategy, 
that is, filter rule. Equation (A3) states that 
every sequence of decision functions (filter 
rule) {e(t)} converts martingale {Z(t)} into 
martingale {W(t)}. 


(A3) 
E[ W(t)] = W(t- 1) +€()E[ Z(t) —Z(t—1)] 
=W(t-1) | 


See William Feller (pp. 210-13) for a 
discussion of martingales. 

Empirical Tests: To test thé martingale 
hypothesis the researchers. have examined 
whether disturbance term u(t+ 1) in the fol- 
lowing equations is a serially uncorrelated 
term with a zero expectation: P(t) is the 
spot price, Q(t) is the forward price at time 
t for delivery at date T, and r,,(t) and r,(t) 
represent the home and foreign interest rates, 
respectively. 


(A4) = P(t+1)— P(t) =u(t+1); 


P(t+1)— P(t) 
P(t) 


or =u(t+1) 
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(A5) Qr+1)-Qr(t)=u(t+1); 
Q,(t+1)—Q-(t) a 
or “<0 7 (t+ 1) 
(A6) 
[l+ry()] l 
P(t+ BPO TT] =u(t+ 1); 
P(t+1) [1+ry(t)] _ 
PO [ero] “FY 
(A7) P(t+)—-O,,,()=u(t+1); 
POHI) J, 
7 PR ali 


Dooley and Jeffrey Shafer examined 
change in the dollar spot rates during the 
period March 13, 1973 to September 5, 1975 
for Belgium, Canada, France, Germany, 
Italy, Japan, the Netherlands, Switzerland 
and the United States. Their conclusion is 
that: 


Substantial evidence...leads us to re- 
ject the martingale model for spot ex- 
change rates [for four out of nine 
countries, at the 95 percent confidence 
levels]. The profitability of the filter 
rules suggest that the deviations from 
a martingale are important and that 
exchange markets for many currencies 
may not have been efficient in the use 
of price information.... Interest dif- 
ferentials must be ruled out as the 
principal explanation for the devi- 
ations from a martingale.... [p. 27 ff.] 


Phillip Cummins et al. examined the 
Canadian-U.S. exchange rate in the 1970-74 
period. They concluded that the spot market 
seems to behave efficiently: it does do a 
random walk. However, their test indicated 
that the forward rate on the Canadian dol- 


lar does not do a random walk, hence, the 


forward Canadian-U.S. dollar market does 
not pass this usual weak form test of ef- 
ficiency. 
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Richard Levich (Table 5) examined equa- 
tion (A4) for nine countries during the period 
1967-75. For the three-month horizon 
(where the unit of time is one quarter), the 
error u(t+1) was not significantly different 
from zero in France and Italy; but the er- 
rors seem to be significantly different from 
zero in Canada, the United Kingdom, Bel- 
gium, Germany, the Netherlands, Switzer- 
land, and Japan. Only in two out of the nine 
countries was the martingale hypothesis 
consistent with the data. 

Another test concerns (A6), whether the 
percentage change in the spot price is equal 
to the interest rate differential. The hypothe- 
sis is that the error u(t+1) is not signifi- 
cantly different from zero. This hypothesis 
also fares badly. For a three-month horizon 
(i.e., the unit of time is a quarter), the mean 
forecasting error was not significantly differ- 
ent from zero only in:the United Kingdom. 
The error is apparently significantly differ- 
ent from zero in the other eight countries 
examined by Levich (Table 5). 

David Kaserman examined the U.S.- 
Canadian dollar during the period July 1955 
to March 1961 for the relation between the 
subsequent spot price P(t+1), where the 
unit of time is one quarter, and the forward 
price Q,,.,(t) at time t. He studied (A7), and 
concluded that the “...forward rate...un- 
derpredicts the spot rate in periods when the 
spot rate is rising and overpredicts it when 
the spot rate is falling” (p. 420). The fore- 
cast error u(t+1) in (A7) is positively re- 
lated to P(t+1)— P(t), the change in the 
spot price. 

Levich (Tables 11 and 10) replicated 
Kaserman’s results for a set of eight coun- 
tries during 1967—75 and considered one, 
three, and six-month forward rates. With 
the possible exception of Belgium for the 
three-month case, and France for the six- 
month case, he obtained Kaserman’s results. 
The forward price Q,,.,(t) is a biased esti- 
mate of the subsequent spot price P(t+ 1). 
During 1967-75, u(t+1) in (A7) is posi- 
tively related to the change in the spot price. 

Moreover, even during the German hy- 
perinflation period 1921-23, Frenkel (equa- 
tion (2^)) found that the forward price was a 
biased estimate of the subsequent spot price. 
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Using my notation, he obtained (2’) and the 
standard errors are in parentheses. 
(2) 
log P(t) = 


Ea 


~0.45 + 1.09 logO,(t-1 
0.25) (0.03) EN 
D.W. 1.89 


Coefficient 1.09 is three standard deviations 
away from its hypothesized value of unity. 
Consequently: | 


Alog Q(t 1) _ 1 F 


‘Alog P(t) 1.09 ou 


which is consistent with the Kaserman suit 
replicated: by: Levich. 


' APPENDIX B: DEN OF THE RATIONAL 


EXPECTATIONS STOCK DEMAND FUNCTION 


Let (A8) be the unknown stock demand 


É function. 


(A8) p(t)= i s(t) 


Then the rational expectations assumption 


must be (A3) 


(A9). Ep*(t+ At) = SR m = 


_ The anticipated price prevailing at time t+ At 


must be a function of the stock that can be 
expected to prevail at that date. 

“It was proved in equation (10) above that 
when the demand for S(t) is equal to > the 
stock i in nee 


, (10) EAR t—-p(t)=y| S(t)— s(t) Jat 


Substitute (A8) and (A9) into (10) and de- 
Tive, o | | . 
(A10) EV[ S(t+At)]-V[S(t)] 

| - =y[ S(t} S.()] At 


_ Since’ the‘ right-hand side of (A10) is lin- 
-ear, the unknown V(-) function is linear. 


(A13): 


| (A18) | 


The reason for this is that (A10) is an iden- 

tity; and the object is to find the unknown 

parameters of the V(-) function: Vo and Vj. 

(All),  VES(Q)]=KH4V,S(t) 

Substitute (A11) into (A12) and derive: 

(A12) E[Y+V,S(t+ At) ]—[H+V,S(t) | 
=y[ S(t)—S,(t)] At 


From the flow excess supply equation (5) 
derive (A13) and (A14). 


At: DS(t) = S(t+ At) — s(t), 
(A14) At{e[ p(t)—y(t)]+u(t)]} 
| | = §(t+Ar)— S(t) | 


Substitute (A14) into (A12) and obtain 
(A15) 


EV [e(O -I0 + u(t) ] At 


=r S()-S,(0]at 


The expectation of u(t) is zero, and p(t) is 
given by (A8) and (A11). Hence, 


(A16) 

Vic[ n+ V, S(t) = y(t) |= r[ S(t) — S(t) | 
This can be srin as E 
(A17). 

eV2S(t) +cV,(Vo—v(t)) = ¥5(t)— YS.) 


This is. an identity in . S(t). Equate coeffi- 
cients and obtain 


} 


C y= Y 
C V( Vozy (t)) = YS (t) 
If the stock deinand function is negatively 


sloped, or if the dynamic system is stable, 
we must take the negative root of V;: 


(A19) 


(A20) A= —-Vy/e 
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Then 
(A21) Vo=y(t)+ Vy/c S(t) 


We have, therefore, derived 
(A22) p(t)=Yt+V,S(t) | 
=y(t)— Vy/c [S()-S,(1)] 
-as the stock demand function. 
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Experiments with a Decentralized Mechanism 
for Public Good Decisions 


By VERNON L. SMITH* 


Public goods theory, as articulated by Paul 
Samuelson (1954), Mancur Olson, and many 
others, has maintained that the distinguish- 
ing characteristic of nonexcludability, inher- 
ent in public goods, implies the impossibility 
of optimal public good provision by de- 
centralized (voluntary) mechanisms. Since 
no one can be excluded from the benefits of 
the public good, each has an incentive to 
“free ride”; that is, contribute less than his 
marginal valuation to the cost of the public 
good. Consequently, public goods theory has 
suggested two hypotheses. 

Hp: The free rider hypothesis. 
H,: The impossibility of decentralized 
public good provision. 

Traditional public goods theory has not 
viewed Hp and H, as independent hypothe- 
ses. The assumption of free rider behavior 
has led to the conclusion that all decentral- 
ized mechanisms would lead to the nonpro- 
vision of public goods (for example, Earl 
Brubaker refers to this as a consequence of 
the strong free rider hypothesis), or at least 
to suboptimal quantities of public goods. 

Precursory and recent contributions by 


William Vickrey, Edward Clarke (1968, 


1971), Theodore Groves (1969, 1973), .and 
‘Groves and John Ledyard, while accepting 
the logic of free riding behavior, have sought 
solutions to the problem in the form of 
cost-sharing mechanisms that would give 
each individual an incentive to contribute to 
the cost of a public good an amount equal 
to his marginal private valuation of the pub- 
lic good. Consequently, such mechanisms 
-are incentive compatible, that is, individual’s 
acting out of self-interest support outcomes 
(Pareto optimality) judged to be desirable 
by the collective. The idea is to find proce- 


*University of Arizona. Research support by the 
National Science Foundation is gratefully acknowl- 
edged. I am indebted to Michael Vannoni for program- 
ming the PLATO version of the Auction Mechanism. 
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dures that harness the self-interest to pro- 
duce optimal common outcomes, just as the 
traditional theory of private goods exchange 
has argued that action in the self-interest is 
like an invisible hand guiding collectives to 
specialize, then cooperate through market 
exchange, to provide optimal private out- 
comes. The Clarke-Groves-Ledyard (here- 
after, C-G-L) research denies H,, and hy- 
pothesizes: 

H,: The possibility of designing decen- 
tralized adjustment mechanisms for optimal 
public good decision. 

- Traditional public goods theory, while as- 
serting Hp and H,, has not questioned simi- 
larly the invisible hand hypothesis in the 
provision of private goods. In fact the argu- 
ment for H, has leaned on a sharp contrast 
between private goods, where there is no 
presumed problem of decentralized deci- 
sion, and public goods, where the problem is 
assumed to be inevitable. As noted by 
Samuelson, there is a fundamental technical 
difference between private and public goods: 
by departing from the rule of preference 
revelation, “... any one person can hope to 
snatch some selfish benefit in a way not 
possible under the self-policing competitive 
pricing of private goods” (1954, p. 389). 

It might be supposed from the above dis- 
cussion that the “new” conventional wis- 
dom in public goods is acceptance of the 
proposition that although there are very im- 
portant technical differences between public 
and private goods, it is nevertheless possible, 


-by applying C-G-L types of ingenuity, to 


design incentive-compatible decentralized 
pricing systems for public goods. But such 
a simplified reduction of these important 
new contributions is not warranted. Leonid 
Hurwicz, for private goods, and Ledyard 
and John Roberts, for public goods, have 
proved that it is impossible to find a mecha- 
nism that provides individually rational 
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Pareto optima and which is also individually 
incentive compatible. These results assume a 
broader range of (costless) strategic be- 
havior than the Nash competitive behavior 
postulated by C-G-L. In summary the cur- 
rent state of theory on these issues appears 
to be as follows: Depending upon what one 
assumes about the strategic behavioral modes 
of economic agents, the attainment of optimal 
resource allocation by decentralized pricing 
systems may be either possible or impossible, 
but in either case this result does not depend 
on whether goods are -private or public. 

There are many lessons in the literature 
that have brought us full circle to this state, 
but none more important than the necessity 
~ Of learning much more about the behavior 
of people in institutions that attempt to 
operationalize the significant concept of 
incentive compatibility. But abstract theory 
has done more than simply return to where 
it started, dramatizing its own dead end in 
the absence of a better understanding of 
behavior. Together, the above theoretical 
contributions have brought a glimpse of 
possibility, of operational forms as in 
Vickrey for private goods, and Groves and 
Ledyard for public goods, and a better un- 
derstanding of the scientific questions that 
require investigation. 


I. Empirical Tests of Public Goods Theory 


There is much casual evidence to suggest 
that mechanisms exist for the voluntary 
provision of public goods. Thousands of 
churches, music halls, libraries, scientific 
laboratories, art museums, theatres, and 
other such facilities have been financed by 
voluntary contributions to fund drives con- 
ducted by private societies. If such observa- 
tions are dismissed as evidence contrary to 
H, on the grounds that these are instances 
of atypical altruism, then there is a serious 
question.as to whether public goods theory 
consists of any refutable hypotheses. If ob- 
servations contrary to a theory are to be 
ruled out on the basis of special explana- 
tions not part of the original theory, then we 
are indeed dealing only with Galbraithian 
systems of belief, not with scientific proposi- 
tions. 
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A more substantive objection to these ob- 
servations of successful private society fund 
drives might be that they represent “small” 
groups, whereas the public good problem is 
a “large” group problem. But regardless of 
the size of any finite group, one can always 
imagine a larger collective, and conclude 
that the hypothesis has not been disproven. 
Even in a collective of size two there is 
incentive to free ride, and underprovide the 
joint outcome. Consequently, if size is 
claimed to be a critical parameter in public 
goods theory, the nature of its effect must 
be well specified before examining the ob- 
servations. But suppose we grant that action 
by private societies is not compelling evi- 
dence rejecting H,; that although the dis- 
tinction between small and large is not pre- 
cise, private societies are “clearly” too small 
to represent a valid test of H,. Then we 
must look for examples of voluntary action 
by larger collectives. Such an example is 
voting in national elections, which, unlike 
Australia, is not yet required by law in the 
United States. The problem of voting is 
often described as a public goods problem: 
since no individual voter can have any per- 
ceivable effect on the common outcome, 
and since the act of voting involves some 
cost (going to the polls, reading and mark- 
ing the ballot, etc.), it follows, allegedly, that 
one should observe little or no voting activ- 
ity. In fact, “remarkably large” numbers of 
people vote. Is this judged to be evidence 
contrary to H, by political economists? No, 
it is a “paradox,” and there is a great litera- 
ture on the paradox of voting with many 
distinguished contributions (see Gordon 
Tullock; George Stigler; J. Ferejohn and M. 
Fiorina). Once again, a cherished belief re- 
mains unshaken, and the observation is 
explained anecdotally. 

I am not arguing that H, is disproved by 
the fact that people vote, or the observation 


. that private societies are sometimes success- 


ful in building-fund drives; I am arguing for 
clearer standards of evidence. These field 
observations are clearly inconsistent with 
the strong free rider hypothesis; large num- 
bers of people vote, and public goods are 
being provided by private societies, What 
we do not know and cannot know from 
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field observation is the optimal quantity of 
the given public good that was provided. 
Some fund drives succeed, and the facility is 
built; others fail. In terms of optimality, 
should some of the latter have succeeded, or 
should some of the former have provided 
larger or better facilities? We cannot know 
what was optimal without independent in- 
formation on individual valuations. 

This problem appears to be inherent in 
field studies, but not in controlled labora- 
tory experiments which can provide a unique 
source of empirical data for testing hypothe- 
ses about resource allocation mechanisms. It 
appears that in field studies the best we can 
do is to compare mechanism A with mecha- 
nism B. Suppose’ theory suggests that A is 
incentive compatible, while B is not. Then 
we can test the hypothesis that observations 
on mechanism A come from distributions 
over a larger quantity of the public good 
than do observations on mechanism B. But 
we cannot test the hypothesis that observa- 
tions from A come from a distribution whose 
central tendency is the optimal quantity of 
the public good. This last hypothesis (as 
well as the former) can be tested using ap- 
propriate laboratory experiments because we 
can, to a close approximation, induce known 
preferences or values on decision outcomes 
(see my 1979 and forthcoming papers), and 
thereby compute the theoretically optimal 
quantity of the public good. 


A. Laboratory Experiments 


In my previous experimental research 
using a partial equilibrium design (no in- 
come effects), I found that collectives com- 
posed of four, five, or eight members are 
able, in most replications, to reach agree- 
ment to produce optimal or near optimal 
amounts of a public good under either a 
version of the Groves-Ledyard mechanism 
or the auction mechanism (see my 1979 
paper). However, under the Lindahl mecha- 
nism which (unlike the Groves-Ledyard and 
auction mechanism) is not incentive com- 
patible (.e., Pareto optimal allocations are 
not among the set of points that are Nash 
equilibria), I found that experimental collec- 
tives did much worse; specifically, in three 
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replications none of the public good was 
produced, while in one, a positive quantity 
equal to one-half the optimum was pro- 
vided. Hence, the Lindahl mechanism 
experimental results provided evidence in 
support of Hp, while the results from the 
two incentive-compatible mechanisms sup- 
port Hp by demonstrating that operational 
procedare exist for the solution of the free 
rider problem. 

The auction mechanism, which will be 
reviewed in greater detail in Section II, is 
characterized by collective excludability, 
unanimity, and budget balance. It exploits 
the fact that prior to the actual provision of 
a pure public good, a collective, and there- 
fore each of its members, can be excluded 
from the good by not providing it. There- 
fore, the stopping rule requires that (a) the 
sum of individual bids (contributions) cover 
the cost of the proposed public good, and, if 
this occurs, (b) the collective then agree 
unanimously to accept this result. I once 


thought this was a new mechanism, but ac- 


tually it is just an extension, generalization, 
and formalization of the age-old “fund 
drive” procedure used by many private 
societies and eleemosynary institutions. 

It is my conjecture that it is this 
“pre-contract, group excludability” (see 
Brubaker): feature that derives these earlier 
experimental results (see my 1979 paper). 
and the results to be reported below. But 
this is not a certainty, as is suggested, per- 
haps, by the results of J. Sweeney and G. 
Marwell and R.. Ames. 

Sweeny reports the results of experiments 
in which an individual subject pedaled a 
bicycle connected to an electric generator. 
Each individual thought she was in a group 
of size six with the group goal (public good) 
to maintain the bright illumination of a 
“group light” for at least ten minutes and 
thereby receive partial course credit for her 
participation. In fact, the experimenter regu- 
lated the group light with a rheostat, as well 


= as the subject’s six individual lights which 


enabled her to perceive the contributions of 
other supposed members of her group. 
Average pedalling speed (revolutions per 
minute) was used to measure the individual’s 
contribution to the public good. The results 
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showed that subjects in a large group (where 
perceived individual effectiveness is nil) 
withhold a statistically significant part of 
their contributions in comparison to a small 
group (perceived effectiveness is large). This 
supports H, in the context of a situation in 
which (it may be presumed) subjects be- 
lieved they would be excluded from course 
credit if the group light was not kept suffi- 
ciently bright. However, two points must be 
emphasized: 1) of great significance is the 
fact that contributions were quite large un- 
der all experimental conditions. Mean con- 
tributions differed from zero far more signi- 
ficantly than from each other, even where 
the group light was bright and independent 
of subject speed and other subjects were 
contributing very little. Thus mean contri- 
butions (across six different treatment con- 
ditions) varied from speeds of 170.45 to 
203.61, while standard errors varied from 
26.12 to 58.89. 2) The conditions of excluda- 
_ bility were imprecise, that is, there was no 
exact measurement which indicated to the 
subject when the group light was adequately 
bright to meet the group goal. These consid- 
erations suggest that H, is supported only in 
a very weak form, and perhaps only because 
there was vagueness as to the conditions 
under which group excludability would oc- 
cur. Indeed, given the high mean contribu- 
tions under all treatment conditions, it seems 
that the results (a) are consistent with those 
reported in my 1979 paper for an entirely 
different experimental paradigm, and (b) do 
not support the generally held belief that 
free riding is a serious problem in the provi- 
sion of public goods. 

A more recent experimental study by 
Marwell and Ames also concludes that only 
a weak version of Hp is supported. The 
Marwell-Ames results are of particular in- 
terest because traditional public goods the- 
ory applied to their experimental paradigm 
provides a clear incentive to free ride. Each 
subject allocated an endowment of “tokens” 
(225 in the equal distribution case) between 
a “private exchange,” yielding a well-defined 
constant private marginal rate of return in 
money, and a “group exchange” yielding a 
well-defined marginal rate of return in 
money that varied with the group’s total 
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contribution. The group exchange required 
an average contribution of 100 tokens per 
subject to yield a return better than that in 
the private exchange, and an average of 200 
per subject to yield an optimal allocation. It 
would appear that the incentive to contrib- 
ute nothing to the public good is very high. 
Using collectives of size four and eighty, the 
mean contribution was 127.6, well below the 
optimum, but remarkably large by conven- 
tional reasoning. Since subjects in the 
Marwell-Ames experiment made only one 
investment, it is possible to argue that learn- 
ing effects in a repeat-play version would 
produce greater (or why not less?) support 
for Hp. But the Marwell-Ames results do 
not contradict those in other experiments 
(see my 1979 paper) that used repeat play. 
Hence, it seems that these empirical results 
are robust under replication and call into 


‘question the traditional model of public 


good decision behavior. 
B. Field Experiments 


Beginning in 1974, approximately 150 sta- 
tion managers in the American network of 
noncommercial television stations have used 
a computer-based decentralized mechanism 
called the Station Program Cooperative 
(SPC) to produce and allocate a substantial 
portion (nearly half in the 1974-75 season) 
of the programs broadcast by these stations. 
The SPC procedure uses a series of up to 
twelve trials, and has selected from 25 to 38 
programs from menus of over Foy in each of 
its operating seasons. 

Unlike the laboratory EE nets re- 
ported above, and the field experiment re- 
ported below, the SPC (inefficiently, in the- 
ory) selectively excludes members who do 
not contribute their share of cost to'a given 
program. On each trial, each station agent 
votes “yes” or “no” on each program, based 
on the cost share allocated to him on the 
previous trial. For the first trial an initiali- 
zation procedure is followed. At present, the 
cost borne by station 7 for program j is 
simply 


CB/ D B, 
KES; 
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where Ç, is the production cost of program 
j, B; is the budget (measured by the Com- 
munity Service Grant awarded the station) 
of station i, and S, is the set of stations 
voting for program j on the previous trial. 
With a little (but not much) discretionary 
intervention by the center over the twelve- 
trial sequence, the process converges in ten 
to twelve trials. 

It is not illegitimate to question the cor- 
rectness, that is, efficiency, of this process. 
But it is much more interesting to ask if it 
works, why it works, and whether it can be 
improved upon using well-defined criteria. 
It works in the sense that the participants 
seem heartily to approve of the process, but 
think it can be improved. It seems to work 
in the sense of rapid convergence because of 
strong individual exclusionary features, but 
in view of the good results from other ex- 
periments (less rich in number of commodi- 
ties) that do not depend on individual exclu- 
sion, it is not certain that this is a necessary 
feature. Ferejohn, Robert Forsythe, and 
Roger Noll (pp. 43-57) have investigated 
some of these issues in a series of laboratory 
experiments comparing the SPC procedure 
with a “B procedure” based on a mecha- 
nism proposed by Jerry Green and Jean- 
Jacques Laffont. The termination condition 
for both procedures was that either 1) the 
same selections were made by all subjects 
on two consecutive trials (after the third), or 
2) the trial exceed a “secret” number (al- 
ways ten). The SPC terminated under 1) in 
every case (five experiments), while the B 
procedure terminated under 2) in every case 
(eight experiments). In terms of efficiency, 
neither procedure was clearly superior to the 
other. Hence, for multiple discrete public 
goods where individual exclusion is possible, 
the SPC stands as the operational mecha- 
nism that would-be designers must beat: It 
makes allocations no worse, and terminates 
earlier, than the only other mechanism with 
which it has been compared. 

Peter Bohm has reported the results of a 
significant Swedish television field experi- 
ment which provides no support for Hp 
even in its weak form. The results are signif- 
icant because they were particularly unex- 
pected in November 1969 when the experi- 


~ 
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ment was conducted. This was well before 
any of the ideas in the recent literature on 
incentive compatibility had become known. 
But Bohm’s data gave him no recourse but 
to conclude “that the well-known risk for 
misrepresentation of preferences in this con- 
text may have been exaggerated” (p. 111). 
In retrospect the results are not unexpected 
because the conditions of the Bohm experi- 
ment effectively introduce the collective ex- 
cludability characteristic of the auction 
mechanism, and, as I have argued elsewhere 
(1979), the results were actually to be ex- 
pected because what was wrong was the 
theory that predicted free riding in the first 
place. 

In summary, the empirical evidence from 
laboratory experiments, controlled field 
experiments, and actual field experience 
(SPC) overwhelmingly supports Hp. Not 
only is it true that incentive-compatible pub- 
lic good mechanisms are possible, and that 
there exist operational forms for such mech- 
anisms; it is also true that such mechanisms 
are fairly easy to invent, they are not com- 
plicated and difficult to understand, and 
they are easy to computerize for large-scale 
decisions. Furthermore, there is some evi- 
dence (seé Marwell and Ames) to suggest 
that the problem of free riding is not severe 
—in fact, pretty weak-—-even where there 
are strong and fairly obvious incentives to 
withhold contributions to a public good. In 
those mechanisms that are incentive com- 
patible, perhaps this undercurrent of non- 
free-rider behavior by some agents helps to 
offset the effect of strategic manipulation 
(always potentially present) by other agents. 


II. The Auction Mechanism for Public Goods 


Consider an economy consisting of one 
private and one public good. Let consumer 
agent i(i=1,2,..., 7) have an endowment w; 
of private good, and a utility function 
u'(y;, X), increasing and concave in (y, X) 
yielding utility w’ if i retains y, units of the 
private good for himself and the collective 
of J agents chooses to produce X units of 
the public good. A unit of the public good 
can be produced from q units (a constant) 
of the private good. 
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Let each agent choose a 2-tuple (B,, X;) 
where B,=w,—y, is the bid in private good 
units that į contributes to the production of 
the public good, and X; is the quantity of 
the public good proposed by i. Define: 

The collective’s proposed_quantity of 
the public good is the mean, X=Zy,X,/J, 
of the individual proposals. 

_ The mean of all proposals excluding i is 
X= = Lui X,/ He 1). 


‘The sum of all bids excluding 7 is B, = 


Zvini B; 

The net (residual) price of the public 
good to i is g—B,/X,, and his share of the 
cost_of the collective’ s proposal is (q~ 
B JA JX. 

Collective agreement (equilibrium) re- 
quires each į to accept his share of cost by 
bidding that amount and to accept the 
collective’s proposed quantity of the pub- 
lic good as his personal proposal, that is, 
agreement occurs when there is unanimity 
in the sense that B.=(q—B,/X,)X and 
X,=X,Vi. A procedure for operationaliz- 
ing these conditions is contained in the 
process described in the next section. 


Assume u'(;,0) <u'(y,, X Wy; ane X>0. 
Then i receives utility 


(1) 
u'| «,-(q~ B,/X,)X, var 
if B,=(q—B,/X,)X, X,=X, Vi 
u‘[w,,0], if B*(q—B,/X,)X 
or X,#X for any i 


W,= 


It will be shown that if each i chooses 
(B,, X;) to maximize W,, the resulting condi- 
tions correspond to a Lindahl equilibrium 
which is also a noncooperative or Nash 
equilibrium. However, (1) defines many 
Nash equilibria which are not Lindahl 
equilibria. 

Assuming differentiability, a maximum of 
W, requires “agreement” as defined above, 
and ~—(q—-B,/XA/Dui+(/Dui=0, or 


(2) B,=(q—B,/X,)X, Vi 
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(3) X;,=X, Wi 
u, i 
(4) — = g— BIX.: Vi 
ui 


From (2), since (3) implies X,=X, 
(5) B,+B,=qX,Vi 


and, from (4), (2), and (5) 





k 
ti Yk B;+ B; 
© Daw -2 
2 (Wek) 
a _ =q 
X 


which defines an interior (0 <y? <w) 
Lindahl equilibrium, (y?,..., y?, X°). This 
is also a Nash equilibrium since if all ji 
bid BP=a,— yp , and propose X,=X°, agent 
Pe best “choice ts Be=a,—yP and X= =X: 
otherwise he prevents agreement and re- 
ceives utility u'(w,,0)<u'(y°, X°). 

That there exist Nash equilibria that do 
not satisfy (4) and (6) is seen by considering 
any (yf,..., yf; X*) such that u‘(y*, X*)> 

u' (w; OVi and 


Bem Byrta 
Yi 


Then if Vj#i, B= 0, —y;}*, * agent i’s 
best choice is to agree to ee arrangement 
by setting 


-5 w; + > y*+qX* 
jżi  j*i 


E EEE. R 


and X,= X*. 

It is well known that a Lindah! equilibrium 
is among the set of Pareto optimal arrange- 
ments, where the latter must satisfy (6). The 
Lindahl equilibrium defined by (4) and (6) 
and the Pareto optimal set defined by (6) 
can be contrasted with the free rider solu- 
tion. To obtain this solution, assume that 
each agent i chooses y; on the assumption 
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that X is determined by whatever budget 
Dy;(#;—y;) tesults from these choices. Thus 
if each i chooses y, O<y,;<w,, then X= 
Zvi —y,)/q. Each i is then assumed to 


yit Oi Bylo; —y;)/q). Hence, at a 
Gata (Yis Va0-+9 Y1; X ), We have 
ui 2 (oy; ) , 
(7) a8 y 


where y; =w, if < holds for any i. In (7) we 
allow for boundary solutions y/=w,; since 
they occur in the experimental design re- 
ported in Section III below. 

The auction mechanism experiments re- 
ported in my 1979 paper correspond to the 
model stated above if we set ui =1, Vi. The 
utility function i is then u(y; X)=y;+u; (X) 
and u5=u}(X). Consequently, the set of 
Pareto optimal allocations defined by (6) is 
simply the quantity of the public good X° 
satisfying Dy,u;(X°)=q, which is also the 
Lindahl! equilibrium quantity if this equa- 
tion has a unique solution. The Lindahl 
prices b,=u'(X°) are given by (4) with b, 
representing agent i’s bid in numeraire units 
per unit of the public good. The budget 
constraint is necessarily satisfied since 
X°D,,b,=9X° identically. 


HI. PLATO Public Good Experiments 


The experiments to be reported here used 
a computerized iterative decision process to 
operationalize the mechanism of the preced- 
ing section. The computations in this pro- 
cess are too complex to have been executed 
effectively without computer aid. The 
PLATO computer system with visual dis- 
play consoles was programmed to execute 
the procedures that guide subject groups 
through the decision process. Such a system 
has enormous advantages over manually 
executed experiments in standardizing pro- 
cedures, eliminating possible experimenter 
or “auctioneer” 
choices, performing routine calculations, and 
displaying the appropriate private or public 
information to the subjects. . 


effects, recording subject . 
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Prior to the commencement of an experi- 
ment it must be initialized by the experi- 
menter. For initialization PLATO requires 
numerical values for (I, T, q, w,, a; bjs 

a,, B;) where I is the number of subject 
agents who will participate in the experi- 
ment, T is the maximum number of decision 
trials, q is the unit cost of the public good, w; 
is the private good endowment of subject i, 
and the payoff function in dollars to i is 
V"(y,, X)=a; y XP — b, for all (y,, X) such 
that V'>0. 

The language of the process consists of 
private messages (B,(t), X;(t)) sent by 
agent i on trial £ to PLATO, and private 
messages (q — B;/X;)X and public messages 
(Xy;B;, X) sent by PLATO to each i on 
each trial. The process uses the following 
iterative procedure: 

(i) Starting rule: On trial t each agent, 
using his or her typewriter keyboard, inde- 
pendently and privately types a 2-tuple 
(B;(t), X;:(£)) where B,(t)€[0, w] and X,(t) 
€[0,12]. Agent i, at his discretion, then 
presses a key that actually transmits his 
selection to the “center,” that is, a memory 
space in PLATO. 

(ii) Transition rules: 

(a) After the last subject-agent has 
entered his choices, PLATO computes 
(Xy;B;, X). In sixteen of the experiments 
below, this message was transmitted to each 
agent, while in thirteen experiments, X was 
first rounded to the nearest integer before 
the message was sent, 

(b) If Sy,B,>qX, the collective has 
reached tentative agreement. If Sy,B,=qX, 
each agent’s share of cost is set equal to 
his bid qX — ZY jg ;B,= B; This fact is re- 
ported to each i, “and PLATO goes into a 
voting mode in which each agent is asked to | 
type “yes” or “no” indicating whether he 
wishes to accept or not accept as final the 
arrangement resulting from ‘that ‘trial. If 
Ly; B, > gX, PLATO modifies the collective’s ` 
decision (Èy;B X) so that the center re- 
tains none of the -bid surplus. Two proce- 
dures were used in this modification: 

1. Rebate rule 1: PLATO first deter- 
mines if the overbid is sufficient to allow an 
integer increase in the size of the public 
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good, that is, the largest n=0,1,2,... such 
that 2,;B;>q(X+n) was chosen. Any re- 
maining bid surplus is then rebated to each 
agent in proportion to his bid. Thus, if agent 
k’s bid was B, the adjusted bid becomes 


> B,-q(X+n) 


Vi 


where X-+n is the adjusted proposed size of 
the public good. 

2. Rebate rule 2: PLATO adjusted the 
outcome (2y;B,, X) to give (2y;B;, X’) 
where the vector from (2y,;(w;—B;), X) 
to (By;(w,—B;), X’) is orthogonal to the 
production-possibility frontier and the point 
(Sy(@,— B/), X’) lies on the frontier. Con- 
sequently, the adjusted quantity of the pub- 
lic good and the adjusted bid of agent k are 


X+q>B, 
9 Y= Wk 
0) l +g? 
B,4X' 
B= KY 
> B, 
Vi 
(c) If Sy,B,<qX, PLATO computes each 


agent’s share of cost (q-B, i/ XX, which 
is received as a private message by each i. In 
this case PLATO bypasses the voting mode, 
goes to trial ¢+1, and again each agent 
selects a 2-tuple (B,, X;) to be transmitted to 
the center. 

(iii) Stopping rule: 

(a) The process stops on trial t*<T if 
the arrangement resulting from trial ¢* is 
brought to a vote, and all i vote yes. 

(b) Otherwise the process stops on trial T. 

(iv) Outcome rule: 

(a) If the process stops by (iiia) the collec- 

tive has reached an equilibrium agreement, 
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and each agent is paid V'[w;— B,(t*), X(t*)] 
dollars in cash. If U,(-) is i’s (unobserved) 
utility of money with U/>0, then the final 
outcome to į from equation (1) in Section II 
is 


Ww (tt) =u'[ y), E] 
=U{V'| o- B), X(t*)]} 


(b) Otherwise (i.e., if the process stops by 
(iiib)) each agent receives W,(T)=u'(w,,0) 
= U[V'(;,0)]. 


IV. Experimental Design and Results 


If subject i has a monotone increasing 
utility UV" ) for V’ dollars, where V's 
a, yx ib, is i’s payoff function, then the 
Lindahl equilibrium quantities of the private 
and public good are independent of the U,, 
and given by 


AW; 


Oo Sil 
(19) Á a, +B; 


x=(7)3 (sen) 


Table 1 exhibits the individual experimen- 
tal design parameters for the basis set of 
three classes of subject agents, and Lindahl 
equilibrium private quantities, bids, and 
payoffs. The PLATO version of the auction 
mechanism is designed to replicate the basis 
economy in multiples of three. That is, there 
are three classes of individuals identified by 
endowment and payoff function parameters. 
An experimental collective consists of k sub- 
jects in each class, k= 1,2,3,..., correspond- 
ing to collectives of size I= 3,6,9,..., in 
which the unit cost of the public good is 
q,2q,3q,.... The public design parameters 
applying to the experimental collectives and 
number of experiments conducted under 
each condition are listed in Table 2. When- 
ever the available time was adequate, an 
experimental session consisted of two back- 
to-back experiments in which the second 
experiment was a second play with the same 
“experienced” subjects. The total number of 
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TABLE 1— EXPERIMENTAL DESIGN, 
INDIVIDUAL PARAMETERS 





Parameter Class 


Parameter I II HI 
a 0.2 0.4 0.1 
B 0.2 0.1 0.4 
a 16 7 14 

b 15 6 13 

W 8 10 5 
yp, LE Private 4 8 I 

Quantities 

w,—y;, LE Bids 4 2 4 
Vi¢y?, X?) $14.14 $12.89 $13.65 


Note: LE refers to Lindahl equilibrium. 


experiments classified by collective size and 
experience treatment is shown in Table 2. 
The free rider quantities of the public good 
listed in Table 2 are computed using (7), 
which for Cobb-Douglass payoff functions 
leads to the solution ) 


(11) 


, = a 





Tables 3, 4; and 5 contain the final trial 
bids by subject parameter class, and the 
quantity of the public good provided in 
each experiment for collectives of size three, 
six, and nine, respectively. Each experiment 
is code numbered in the first column ‘of 
each table. For example in Table 3, PA3.3 
refers to PLATO auction, collective size 

three, session three, in that order. Experi- 
ments without a prime designation on the 
last digit were the first “inexperienced” play 
while those with a prime were the second 
“experienced” play. Thus PA3.3 was the 
first of two experiments in the third session 
with three subjects, while PA3.3’ was the 
second experiment using the same subjects. 
The only difference (besides experience) be- 
tween two such experiments is that the sub- 
jects are rerandomized among the three 
parameter classes in the second experiment. 
Experiment PA9.1 aborted due to a pro- 
gram error, but the second experiment in 
that session PA9.1’ was completed and 
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TABLE 2--- EXPERIMENTAL DESIGN, 





COLLECTIVE PARAMETERS 
Collective Size I 3 6 9 
q, Unit Cost 
Public Good 2 4 6 
X®, Lindahl 
Optimal Quantity 5 5 5 
X’, Free Rider 
Quantity 2.89 1.67 1.42 
Number Experiments: 
Inexperienced 
Subjects 8 3 4 
Experienced 
Subjects 7 3 4 
Total 
Experiments 15 6 8 
Total Subjects 45 36 72 


counted as an experience play. Out of a 
total of twenty-nine experiments, one collec- 
tive of size three (PA3.1) and one of size 
nine (PA9.3) failed to reach agreement to 
provide units of the public good. 

The mean quantity of public good pro- 
vided by the experimental collectives in each 
size and experience class is shown in Table 
6. Excluded from these calculations: are the 
zero outcomes in the two experimental 
groups that failed to reach agreement. The 
pooled overall mean is 5.3 if these two ob- 
servations are included. From Table 6 it will 
be seen that there appears to be no sys- 
tematic effect of collective size or experience 
on the quantity of public good provided. 
This is borne out more precisely by a regres- 
sion of X* on 1) collective size, 2) a dummy 
variable for experience, and 3) a dummy 
variable for the rebate rule. None of these 
variables are significant: the largest value 
for the t-statistic for any of these three inde- 
pendent variables is 0.285, with R?=.005. I 
must conclude that none of the alleged 
“treatment” variables has any credible ef- 
fect on the provision of the public good. 
Collectives of all sizes provide much larger 
quantities of the public good than is predic- 
ted by the free rider hypothesis, and mean 
quantities slightly larger than is predicted by 
the Lindahl quantity. Figure 1 plots all 
twenty-nine experimental final trial out- 
comes (2,,y*,X*) along the production- 
possibility frontier. All twenty-seven experi- 


VOL. 70 NO. 4 


SMITH: PUBLIC GOOD DECISIONS 93 


TABLE 3—BID-QUANTITY OUTCOMES, PLATO AUCTION MECHANISM EXPERIMENTS, J =3 





l 2 
Subject w= g w= 10 
Parameter Class 
LE Bid, w,— y? = Big 4 2 
Final Bids, B* 

Rebate Rule 1 
PA3.1° © 8) (1) 

- PA3.2 4,55 18 
PA3.2’ 5 5 
PA3.3 2 8 
PA3.3’ 5 2 
PA3.4 3.67 3.67 
PA3.4 4.58 6.42 

Rebate Rule 2 
PA3.5 1.95 3.89 
PA3.5’ 3.69 5.54 

. PA3.6 3.95 5.92 
PA3.6’ 2.94 4.42 
PA3.7 2.85 . 1.9 

` PA3.7 l 2 
PA3.8 , 3.94 6.89 


PA3.8' 4.89 7.82 


Note: See Table 1. 
aThe LE quantity is X°=5, in all Sieennieate 


3 è 

w3 = A", l it, 

Final Final 

4 Quantity ® Trial®? 
(2) 0 (5) .15 
3.6 5 . 6 
4 7 2 
0 5 12 
l 4 11 
4.58 6 3 
0.92 6 14 
3.89 4.87 12 
1.85 5.53 12 
4.93 7.4 14 
4.91 6.13 4 
2.85 3.8 14 
3 3 10 
1.97 6.4 1 


ÞBids and quantities in parentheses are the final trial outcomes for experiments failing to reach agreement. 


. °Maximum number of trials, T=15. 


TABLE 4— BID-QUANTITY OUTCOMES, PLATO AUCTION MECHANISM EXPERIMENTS, J =6 


Subject I 2 3 A 
l I II III I 
Parameter Class w,=8 =10 w3=5 
LE Bid, w,— yp= BP 4 2 4 4 
Final Bids, B¥ 
Rebate Rule | 
PA6.1 5.76 2.88 2.88 3.83 
PA6.1’ 5.4 3.6 0.9 2.73 
Rebate Rule 2 
PA6.2 3.92 6.86 0 6.86 
PA6.2’ 0 5.99 3.99 3.99 
PA6.3 5.87 6.85 3.91 6.85 
PA6.3! 2.99 4.99 3.99 1 


Note: See Table 1. - 
aSee Table 3. 


ments reaching agreement produced quanti- 
ties of the public good in excess of the 
relevant free rider quantity. : 

Table 7 records the a (Type I error) and 


1—B (power) probabilities, where the null 
hypothesis H, is that the sample quantities — 


5 6 
II III X* a T, 
@2=10 w3=5 Final Final Maximum 
2 4 Quantity? Trial Trials * 
5.75 2.88 6 3 15 
4.5 2.73 5 6 15 
8.83 1.9 7.1 8 10 
8.98 1.4 6.08 7 10 
3.91 4.89 8.07. 8 10 
5.98 3.99 5.74 6 10 


of the public good for each collective size 
came from a population with mean equal to 
the theoretical free rider quantities (T able 
2), and the alternative hypothesis H, is that 
the sample quantities came from a popula- 
tion with mean equal to the Lindahl. quar- 
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TABLE 5— Brp-Quantiry Outcomes, PLATO AUCTION MECHANISM EXPERIMENTS, = 9 


Subject I 2 3 4 5 
Tr wm I II 


Parameter Class 
LE Bid, w;,—yP=BP 4 2 4 4 2 
Final Bids, B* 
Rebate Rule 1 
PA9Y.1’ 6.22 3.56 1.78 0.89 7.11 
PA9.2 7.47 2.79 3.71 5.57 1.86 
PA9,3° 1.25 © © 4 ® 
PA9.3 0.97 1.94 3.89 3.89 9.72 
Rebate Rule 2 
PAY.4 3.99 399 2.99 4.99 4.99 
PA9.4’ 3 6 1 0 4 
PA9.5 3 5 3 2 l 
-PA9.5 4.99 39 0 5.99 4,99 


Note: See Table 1. 
aSee Table 3. 


@,=8 w= l0 o,=5 w mg aml @,=5 wg wml w,=5 


ő 7 8 9 


HI I II HI x*, *, T, 
Final Final Maximum 


4 4 2 4 Quantity* Trial Trials 


444 54 2.67 3.56 6 10 15 
1.76 5.57 8.36 464 7 ll 15 
9 © 0 & 0M a5 ë 15 
1.94 3.89 5.84 389 6 14 15 
0 29 1 3.99 482 8 15 
1 4 4- 2 417 2 15 
a 5 7 3 533 7 10 
1 5.99 3.99 0 516 9 10 


>Bids (quantities) in parenthesis are the final trial bids (quantities) for experiments failing to reach agreement. 


tity (5). The first row of selected a probabili- 
ties is used to calculate the critical value X, 
(for each collective size 1), above which we 
reject Ho (accept H,) if the sample mean 
exceeds X.. The calculations are based on 
the ¢-distribution with sample sizes equal to. 
the number of experiments, and variances 
computed from the X*, as listed in Tables 3, 
4, and 5. These critical values are then used 
to compute the 1— 8 power probabilities of 
the test. For. example, under H for J=3 
(col. 1, Table 7), X,=2.89+1,V,/N,)'/? = 
3.5 corresponding to a power of 1—8=0.7 
(i.e., tg=(3.5—5)(V,/N,)'/? = — 0.528). 
Examples of the trial-by-trial “moves” by 
experimental collectives are illustrated in 
Figures 2 and 3 for collectives of size three 
and nine, respectively. In Figure 2 on trial 1, 
the collective proposed X(1)=8, and bid 
EBD = Ehala; — y,(D] = 23 — 10 = 13; 
on trial 2, (X(2),2B,(2))=(8, 10); and so 
on. Trials 4 and 11 were voting trials as 
indicated by the asterisks. On trial 4, the 
collective overbid the cost of the proposal, 
ie., 2X =6<>B,=8, and under the integer- 
increase Rebate Rule 1, the collective’s pro- 
posal was increased (dashed arrow) to 4. 
This outcome was vetoed and the collective 
proceeded to trial 5. Finally, on trial 11 the 
collective proposed 4, bid 8 and approved 


TABLE 6— MEAN PROVISION OF PUBLIC GOOD 
I=3,6,9; X°=5 


Mean Quantity 
of Public Good Chosen l 

Collective Inexperienced Experienced 

Size I Collectives ` Collectives Pooled 
3 5.50 5.7 5.53 
6 7.06 5.61 6.33 
9 5.72 5.33 5.50 
Pooled 5.91 5.51 5.7% 


a Based on the twenty-seven “agreement” experiments. 
The overall mean is 5.3 for all twenty-nine observa- 
tions. 


TABLE 7— ERROR AND POWER PROBABILITIES 
FOR FREE RIDER (Hy) AND LINDAHL 
EQUILIBRIUM (H) HYPOTHESES 





Collective Size 3 6 9 


- a= Probability 


of Rejecting Hy 

(Accepting H;) , 

when H, is True 0.5 .05 05 
1 — B = Probability 

of Accepting H, 

(Rejecting Ho) 

when H, is True 70 85 83 
Critical Value X, 3.5 ' 2.6 2.1 
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(3) Production 
” Possibility 
Frontier 





x Free- Rider Quantities 

* LE Quantity 

i } Experimental Collective 
Size Agreeing on 
Outcome O 


Normalized Aggregate Quantity of Private Good 


Quantity of Public Good 


FIGURE 1 


the outcome unanimously. Figure 3 il- 
lustrates one of the nine-member collectives 
under the orthogonal rebate rule. Thus on 
trials 4, 5, and 7, the collective overbid the 
mean proposal, and in each case a new 
proposal and bid sum was computed by 
PLATO based on the orthogonal adjust- 
ment (dashed arrows), under Rebate Rule 2, 
to the boundary of the production-possibility 
set, 

It will be noted that the public good 
quantity proposals in Figure 3 are less varia- 
ble than those in Figure 2. This was typical 
of the larger collectives which, because of 
this “law of large numbers” effect, were less 
interactive than the smaller collectives. The 
variance of final quantities of the public 
good in three-member collectives was 1.82; 
in six-member collectives, 1.36; in nine- 
member collectives, 0.82. This result sup- 
ports the hypothesis that larger groups are 
less interactive than smaller groups, but 
using the Bartlett test, I am unable to reject 
the null hypothesis that the three population 
variances are equal. 

Since subjects in an auction mechanism 
experiment are free to bid zero, it is of 
interest to examine the data of Tables 3-5 
for instances of such behavior on the final 
(equilibrium or boundary) trial. In Table 3, 
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TABLE 8—~FRACTION OF SuBIECTS BIDDING ZERO 
OR THEIR ENDOWMENT ON THE FINAL TRIAL 


Fraction of Fraction of 
Collective _ Subjects Subjects 
Size Bidding 0 Bidding w; 

l 3 
3 5 = .022 45 == 067 
-6 , 36 = 056 367 .028 
9 l 77 .056 7 == ,083 
; 7 I 
All Collectives i53 = 046 T53 ” .065 


it is seen that in only one three-member 
collective did an individual bid zero (subject 
3 in PA3.3) on the final trial. At the other 
extreme, three individuals (subject three in 
PA3.4, PA3.6, and PA3.6’) bid their entire 
endowments . (before rebate) on the final 
‘trial. Normally there was an overbid on a 
final (agreement) trial with a corresponding 
rebate that prevented such bids from yield- 
ing a zero payoff. Table 8 provides a 
‘summary, classified by collective size, of the 
fraction of subjects bidding zero or their 
entire endowments. All twenty-nine sessions 
were included in this determination. If zero 
bidders represent free rider behavior, and 
endowment bidders represent anti-free rider 
behavior, the results in Table 8 suggest that 
these two extremes are represented about 
equally in the population of subjects. Fur- 
thermore, Table 8 shows no credible in- 
crease in free rider bidding behavior as col- 
lective size increases in the range from I= 
3-9. 


V. On the Pareto Optimality of 
Experimental Outcomes 


The previous section tested experimental 
public good outcomes against the free rider 
and Lindahl optimal quantities of the public 
good. However, as has been emphasized by 
Samuelson (1969), the Lindahl equilibrium 
(LE) (when there are income effects) pro- 
vides. merely one of many Pareto optimal 
_ allocations, and has no special ethical ap- 
. peal. Since our experimental collectives typi- 
cally reached agreement on public good 
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quantities that deviated from the Lindahl 
optimal quantity, it is natural to ask whether 
these deviations fell within the Pareto opti- 
mal set. 

The Pareto optimal set is defined by (6). 
For [=3 and Cobb-Douglas utility func- 
tions (6) becomes 


2 — y, 


This suggests a linear regression hypothesis 
among any three of the four quantities 
(Yi Y2» Y3, X ) depending upon which quan- 
tities are arbitrarily selected as the -depen- 
dent and independent variables. If y, and y, 
are regarded as the independent variables 
with X being the dependent variable, then 
the Pareto-regression hypothesis is 


— Yi 
(2) x|% q(1+y;) 





3 
Yı È o; 


i=l 


a(l +y) 


3 ~ Y 


ql +y) i 








where y,=£,/a;. Based on the experimental 
design parameters listed in Table 1, the 


_ Pareto-prediction hypothesis is 


(7) X¥=—0.1875y,+0.75y,+5.75 


Using the fourteen observations’ on collec- 
tives of size three to estimate the coefficients 
of equation (12’) gives 


X= —0.546y, — 0.497, + 9.533 
= (—3.915) (—9.728) (5.648) 


R? = .74 


The ¢-statistics shown in parentheses under 
each coefficient are computed on the null 
hypothesis that the population value is given 
by the corresponding coefficient in (12’). It 
is clear that these coefficients differ very 
significantly from their Pareto-predicted 
values. Hence, we reject the hypothesis that 
collectives of size three, using the auction 
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TABLE 9 
Parameter I II Ill 
Class @,=8 4 = 10 @3=5 
LE Bid, w;—y;? 4 2 4 
Mean Bid, 
All Collectives 3.94 4.86 2.63 


Note: See Table 1, 


mechanism, tended to provide Pareto opti- 
mal allocations. 

An examination of mean bids by subjects 
in the three parameter classes (Table 9) pro- 
vides some insight into the nature of subject 
deviations from the Lindahl optimum. Sub- 
jects in class I having an endowment of 8, 
and a theoretical LE bid of 4, bid on aver- 
age very close to 4. However, class II sub- 
jects with an endowment of 10 and a theo- 
retical LE bid of 2, have a mean bid of 4.86. 
These subjects much prefer the private good 
to the public good, but apparently because 
of their relatively large endowments tend to 
“overcontribute” to the public good. Simi- 
larly, class III subjects with an endowment 
of 5 and a LE bid of 4, tend to “undercon- 
tribute” with a mean bid of only 2.63. Hence, 
the “rich” give more and the “poor” give 
less than is predicted by the LE bids. In 
this design, such a pattern of deviation is 
not consistent with Pareto optimality. 

These results contrast sharply with my 
1979 paper reporting the results of twelve 
auction mechanism experiments based on 
designs with no income effects. In these 
previous experiments, subject i received a 
payoff table V;(X) mapping quantities of 
the common quantity X into private dollars. 
Subject bids b, were in dollars per unit 
of the public good, and the stopping 
tule required b,=q—-2vyj;.:5,, Vi, on two 
successive trials with X,=X, Vi, on the sec- 
ond trial (see my 1979 paper for a complete 
discussion). All but one of these partial 
equilibrium experiments converged to the 
unique Pareto and Lindahl optimal quantity 
of the public good given by Sy,V/(X°)=q. 
Furthermore, a linear regression of final trial 
bids b* on the LE prices V/(X°) using data 
on individual subjects across three series of 
experimental replications yielded intercepts 
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insignificantly different from zero, slopes in- 
significantly different from one and R? val- 
ues between 0.82 and 0.99. Hence, with no 
income effects, experimental outcomes are 
very accurately predicted by the LE quan- 
tity of the public good and the LE price. In 
the current series of experiments with in- 
come effects, the LE quantity of the public 
good is a fair predictor, and the LE bids a 
very poor predictor of experimental out- 
comes. i 


VI. Effect of Parameter Changes: 
How Robust Are the Experimental Results? 


It is always appropriate to ask whether 
particular experimental results are due to 
artifacts unrelated to the theory one pur- 
ports to test. In this context, it will be noted 
that subject payoffs were presented as 12X 
12 tables listing V‘(y,, X) for the integer 
values y,, X=1,2,...,12. Hence, the median 
value of X in a subject’s payoff table is 6.5. 
From Table 6 the pooled mean provision of 
the public good is 5.7 which is about as 
close to this median as it 1s to the theoretical 
LE quantity (5). Also, look at Table 9 listing 
mean bids. On average subjects contribute 
approximately one-half their endowments to 
the public good and retain one-half for 
private use. With total endowment 23 and 
q=2 in a collective of three members, under 
the one-half rule the total bid is 11.5, pro- 
viding budget support for 5.7 units of the 
public good. In such low-information games 
as the auction mechanism, it is not unrea- 
sonable to conjecture that subjects are drawn 
to median quantity proposals, or a simple 


TABLE 10— EXPERIMENTAL DESIGN: 
I=6, gq=2, X9=9, X'=3.33, T=10 


Parameter Class 

Parameter I H HI 
a 24 .96 8 
B 96 24 8 
a 1.5 1.5 1.5 
b 0 0 0 
w 5 10 6 
yp, LE Private 

Quantities I 8 3 
w,—yp, LE Bids 4 2 3 


Note: See Table 1. 
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TABLE 1 1—BD-QUANTITY OUTCOMES, PLATO AUCTION MECHANISM EXPERIMENTS; 
I=6, g=2, X°=9, X'=3.33, T=10 


Subject Ei 2 3 


l I H IN 
Parameter Class w = 5 Qz = 10 wg = 
LE Bid, w;—y2=B? 4 2 3 

- Final Bids, B, (Rebate Rule 2) 

PAI 3 3 3 
PAI’ 2.98 4.96 298 

.PA2 (1.5) (4) (4) 
PA3 3.92 3.92 2.94 
PA3’ 1.97 1.97 1.97 
PA4 3.61 4.51 3.61 
PAY 3.81 4.76 4.76 
PAS i (.99) (9.88) (3.95) 

3 1l 1 


PAS’ 


Note: See Table 1. 


TABLE 12—MEAN BIDS AND MEAN PROVISION 


OF PUBLIC Goop 

Parameter I H I 
Class w@, = 5 w= 10 @,=6 
LE Bid 

wyi = BP 4 2 3 
Mean Bid 2.85 3.46 2.81 
Mean Provision 
of Public Good 

9.14 


Note: See Table 1. 


50-50 division of endowment between the 

public and private expenditure alternatives. 
These arguments suggest the desirability 

of replicating the experiments with a differ- 


ent set of parameters. Table 10 lists the 


parameters used in a second series of nine 
experiments, For variation on the previous 
design, this design uses parameters a, + B;> 1 
yielding only quasi-concave V '(y;, X ) func- 
tions. Two subject classes in the present 
design retain the same endowments (5 and 
10) and LE bids (1 and 8) that characterized 
the previous design. 
__. The final trial bids and quantities of the 
public good are shown in Table 11. Seven of 


4 5 6 
I H iil 
W,=5 Q= 10 (OE T X*, t*, 
Final Final 
4 2 3 Quantity Trial 
2 l 3 75 9 
2.98 0.99 0.99 7.93 10 
©) (6) (1) (8.83) 10 
3.92 2.94 0.98 9.3 7 
1.97 4.93 1.97 74 9 
0.90 4.51 4.51 10.83 1 
1.90 . 0 4.76 10 8 
(3.95) (1.98) (1.98) (11.37 10 
10 3 11 . 10 


the nine experimental collectives reached 
agreement. The mean provision of public 
good and the mean bids by parameter class 
are listed in Table 12. A t-test of the null 
hypothesis that the population mean quan- 
tity is the LE 9 cannot be rejected (z, =0.24), 
whereas the free rider hypothesis is rejected 
(t= 10.1). It is also clear that collectives are 
not providing quantities of the public good 
near the artifactual median X in their payoff 
tables. Comparing the mean bids of class HI 
and class II subjects in Table 9 with the 
mean bids of class I and class II subjects in 
Table 12 (endowments 5 and 10, respec- 
tively), note a modest increase in the bids of 
subjects with endowments of 5 and a con- 
siderable decrease in the mean bid of sub- 


_ jects with endowments of 10. This is not 


consistent with the artifactual one-half en- 
dowment bidding rule. l 

I conclude that the auction mechanism 
results reported in Section IV are robust 
with respect to parameter changes. Both sets 
of experimental results support a slight over- 
provision of public goods relative to the 
Lindahi optimum. However, individual bids 
do not support Lindahl optimal bids, with 
the deviation of actual from Lindahl opti- 
mal bids being explained by a consistent. 
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tendency for endowment-rich subjects to 
overcontribute, and endowment-poor sub- 
jects to undercontribute, in relation to the 
Lindahl optimum. 
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A Model of the Firm as a Stockholder-Employee 
Cooperative Game 


By MASAHIKO AoKki* 


In the traditional neoclassical approach, 
firms are nothing more than technological 
black boxes through which inputs of mar- 
keted productive factors are transformed 


into marketable outputs. In this paper, how- ` 


ever, I present and analyze a model of the 
firm which emphasizes its aspect as a quasi- 
permanent organization of stockholders and 
employees. 

The employees are considered to embody 
skills and knowledge more or less specific to 
the firm as a result of quasi-permanent as- 
sociation with it.’ The employees, in cooper- 
ation with physical assets supplied by the 
. stockholders, can produce some economic 
gains which would not be possible through 
mere casual combination of marketed fac- 
tors of production. These economic gains 


accrue to the firm from the unique and. 


lasting interaction of the organizational re- 
sources, both human and physical, and may 
be termed the organizational rent. Through 
the acquisition of firm-specific skills and 
” knowledge, the employees may be able to 
exert implicit or explicit bargaining power 
over the disposition of the organizational 
rent. A similar observation was made by 
Alfred Marshall: 


The point of view of the employer 
however does not include the whole 
gain of the business: for there is 
another part which attaches to his em- 
ployees. Indeed in some cases and for 
some purposes, nearly the whole in- 
come of a business may be regarded 
.a8...a composite quasi-rent divisible 
among the different persons in the 


*Professor, Institute of Economics, Kyoto Univer- 
sity. The helpful comments and suggestions by Robin 
Marris, David Starrett, Ryutaro Komiya, George Borts, 
and an anonymous referee of the Review are gratefully 
acknowledged. 

1See the vast and growing literature on the internal 
labor market. 
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business by bargaining, supplemented 
by custom and by notion of fair- 
ness... .[p.626] 


Such a viewpoint seems to be increasing in 
importance as the internal organization of 
firms become highly extensive in modern 
capitalistic economies. Firms are not typi- 
cally the mechanical combination of atomis- 
tic agents. The object of this paper is to 
formalize the nature of the bargaining, and 
to analyze its outcome and its implication 
for the firm’s price-setting and growth- 
planning policy. 

If the employees of the firm receive noth- 
ing more than an exogenously determined 
wage, then the conventional neoclassical 
model of the stockholder-controlled firm 
(hereafter referred to as the S firm) would 
be relevant. On the other hand, if the whole 
organizational rent is under the control of 
the workers, the firm may be modelled a la 
Benjamin Ward and Evsey Domar. Whereas 
the stockholder-controlled firm maximizes 
the value of the firm and the worker- | 
controlled firm (the W firm) maximizes in- 
come per worker, the real firm ought to 
behave somewhere between these extremes. 
In-between, however, there are infinitely 
many. ways of distributing internally the 
organizational rent. A choice of distribution 
may be made through such diverse insti- 
tutional arrangements as collective bar- 
gaining in the United States and in the 
United Kingdom, codetermination (workers’ 
participation in management) in West Ger- 
many, and conciliatory adjudication by the 
managers as is the case in Japan. Each 
mode of distribution would be associated 
with a particular pattern of price setting and 
growth policy of the firm. 

In Section I below, I make assumptions 
concerning the market conditions facing the 
firm. A tradeoff relation between the maxi- 
mum stock value and employees’ income 
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level derived under those assumptions will 
be called the bargain-possibility frontier. If 
the firm acts efficiently as an organization, a 
point on the frontier may be reached. But 
which point? ~ 

In Section II, I specify the nature of the 
distributive bargaining between the stock- 
holders and the employees as a two-person 
cooperative game a la Frederik Zeuthen, 
John Nash, and John Harsanyi, and discuss 
the determination of an internal distribution 
on the bargain-possibility frontier. Of course 
the stockholders do not sit at the bargaining 
table with the employees to negotiate on the 
stock value. The former delegate bargaining 
power to the manager who negotiates with 
the latter on the wage level. However, in the 
model presented later, the manager does not 
act as a mere representative of the stock- 
holder collectivity. His role is to estimate 
the relative bargaining power between the 
stockholders and the employees, and to for- 
mulate the firm’s policy of internal distribu- 
tion, sales price, and expenditure for sales 
growth, which would lead to an organiza- 
tional equilibrium of bargaining powers. A 
measure of bargaining power of each party 
is defined in terms of its external opportun- 
ity outside the firm and its attitude toward 
risk. In stressing the autonomous role of the 
manager, the present model is somewhat 
akin to the “managerial” model as advanced 
by Robin Marris and others. But instead of 
maximizing his own utility, the manager 
arbitrates between the stockholders and 
the employees to promote organizational 
homeostasis. He is an organization man. 

In Section III, the equilibrium solution of 
sales price and expenditure for sales growth 
will be characterized. It includes optimal 
policies for the S firm and the W firm as 
special cases. 


I. The Bargain-Possibility Frontier 


In this section, I derive the set of efficient 
combinations of the firm’s stock value with 
the employee’s share in the organizational 
rent. I call it the bargain-possibility set. Its 
nature depends partly upon market condi- 
tions and partly upon the internal structure 
of the firm. 
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It is assumed that time extends indefi- 
nitely through periods of equal duration. At 
the beginning of the current period, the 
firm’s sales price is assumed to be fixed for 
that period. At the same time, “growth ex- 
penditure” for sales promotion, new equip- 
ment, personnel training, and the like are 
made. The effects of these expenditures will 
not be realizable until-the next period, when 
the market demand for the firm’s product 
will expand in response to the firm’s sales 
effort and when its investment in both hu- 
man and physical capital will become pro- 
ductive. The manager is guided in his price- 
setting and growth-expenditure decisions by 
his expectations as to market conditions. 
His expectation for the current period is 
called short term and that which covers 
future periods is called long term. 

The manager’s short-term expectation is 
summarized in the subjective demand func- 
tion for the firm’s product: 


(1) x=ap~"/9) 


where x is the amount of sales expected in 
the current period under the sales price p 
and 7 the inverse of price elasticity of de- 
mand. 

The manager’s long-term expectation is 
summarized by what I will call the growth- 
cost function, defined as follows. Let us 
assume a simplified situation in which 
physical equipment is subject to complete 
depreciation within a period.” In this situa- 
tion a decision about investment in new 
equipment can be made with regard to a 
planned growth rate only, independent of 
the amount of the existing stocks. Then we 
may assume that there is a simple corre- 
spondence between a planned growth rate g 
of sales from the current period to the next, 
under a fixed price, and the average growth 
expenditure T per unit of current sales nec- 
essary to realize the growth rate. Thus we 
have 


(2) T=$(g) 


2If the possibility of the fixity of durable equipment 
is explicitly introduced into the model, an interesting 
implication for the price-setting behavior peculiar to 
the firm as a stockholder-employee cooperative game 
would result. See fn. 11 below. 
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where ¢(-) is a monotone-increasing, con- 
vex function. 

Payment to the employees is composed of 
two parts. The first part is equal to wages 
that any worker can earn for the same period 
of time in the competitive external labor 
market without any quasi-permanent associ- 
ation with organizations. This part is treated 
as given in the model. The second, or resid- 
ual, which I will call the differential earnings 
of the employee and which accrues to them 
in such forms as monopolistic wage, bonus, 
profit sharing, etc., is due to their quasi- 
permanent association with the firm and is 
an endogenous variable of the model. — 

Let us denote the average constant prime 
cost of output by c which includes the (com- 
petitive) labor cost net of the payment of 
differential earnings. Define organizational 
rent of the firm a as total revenue net of 
growth expenditures and the prime cost, L.e., 


(3) a=[ p-c—T]|x 


where it is assumed that all the growth cost 
is financed internally. This net cash flow is 
to be divided up among the stockholders 
and the employees in the form of dividends 
and differential earnings. 

Let 8 be the stockholders’ share of the 
organizational rent and / the number of 
employees necessary for a unit of product. 
Then average differential earnings w of the 
employees is given by 


(4) o= E97 


(0<@<1) 


Here it is assumed that the amount of em- 
ployment can be adjusted exactly to the 
requirement of expected short-term demand 
at the beginning of the period. However, the 
employees are supposed to exert effective 
constraint on the management for the con- 
tinued employment of the N employees al- 
ready in the firm. Then the manager is con- 
strained in the choice of sale price by the 
condition: 


(5) (N/al) <p 
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It is assumed that the employees are inter- 
ested in the amount of their lifetime earn- 
ings at the employing firm. (If an outside 
opportunity looks better, then the em- 
ployees.can of course switch to it.) For the 
sake of simplicity, economies of scale in 
production and technological progress are 
assumed away throughout the paper. Then, 
as far as the employees’ relative share 1—8 
is expected to remain unchanged over peri- 
ods, so is the average differential earnings 
per employee. At this point, let us intro- 
duce a further drastic assumption that the 
employees are homogeneous and are re- 
munerated equally. In this case, given a 
discount rate p of future earnings and an 
expected length H of remaining working 
periods of a representative employee, the 
present value of his lifetime differential 
earnings at the firm would be equal to the 
current differential earnings w times [1— 
(1/(1+p))"]/p. Therefore, a level of well- 
being of the representative employee may be 
measured by the amount of current dif- 
ferential earnings w.° 

On the other hand, end-of-period returns 
to the new investors who invest in the stocks 
of the firm are composed of two parts, di- 
vidends and capital gains. In general, the 
rate of stock appreciation depends upon in- 
vestors’ expectations about those factors 
which determine the future stream of di- 
vidends, such as the state of the firm’s 
organization, managerial policies, and the 
market conditions. Therefore, there cannot 
be any simple, satisfactory theory of capital 
gains. In this paper, I avoid this difficulty 
by adopting a very simple assumption: in- 


_vestors replace their uncertain knowledge of 


3One may argue, however, that the employees also 
have a preference for growth of the firm. This would 
certainly be a possibility, especially if we consider the 
hierarchical nature of the internal organization of the 
firm, Within a hierarchical organization, the higher 
one’s ranking in the hierarchical order, the higher are 
one’s differential earnings (see Herbert Simon). There- 
fore the expected lifetime earnings of the representativé 
employee would be enhanced by increased probability 
of promotion, which is the case when the firm grows at 
a faster speed. The possibility is modelled and its 
implication for the policy of the firm analyzed in the 
context of a labor-managed firm in my 1978 paper. See 
also Marris, pp. 89-99. 
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future events by a simple Keynesian “con- 
vention,” that is, they believe on average 
that the existing state and the firm’s policies 
will continue indefinitely. Then, the rate of 
stock-value appreciation would be equal to 
the growth rate currently aimed at by the 
‘manager of the firm. The dividends at the 
end of the current period would equal 67. In 
the absence of market uncertainty, the com- 
petitive valuation V of the firm’s stock must 
satisfy the following relation: 


2V+0c=pV 


where p is the one-period interest rate. The 
left-hand side represents the total end-of- 
period returns to the new investments in the 
stock of the firm and the right-hand side 
represents the interest income which invest- 
ments of the same amount in the one-period 
bonds would yield. After a suitable arrange- 


4 


ment, we can derive 


Or 

6 V=— 

(8) p-g 
The “current” stockholders are interested in 

the maximization of the stock value V.° 

Summarizing, decision variables of the 
firm are the sales price p, growth rate g, and 
stockholders’ share @ in the organizational 
rent 7. For each choice of p and g, there will 


4In order that the valuation V be finite, the growth 
rate must be less than the discount rate p. I assume that 
(N/al)~-"=$(g) for g such that g<p. Then it is never 
profitable for the firm to plan a growth rate more than 
g and we do not have to be bothered by the possibility 
of the explosion of the value V. 

5 Here current stockholders are those who hold shares 
initially before the opening of the stock market in the 
current period. Roy Radner calis them the ex ante 
stockholders, 
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be a given level of 7, and all possible alloca- 
tions between the stockholders and the 
employees would yield a straight-line trade- 
off relation between the stock value and 
differential earning level. By considering all 
possible choices of p and g subject to the 
constraint (5), there is a frontier curve as 
depicted in the Figure 1. Call the curve the 
bargain-possiblity frontier and denote it by 


(7) V=¥(w) 


The point $ with null employees’ differen- 
- tial earnings represents the maximum stock 
value realized for the firm under the full 
control of the stockholders. The point W 
maximizing the employees’ average earnings 
represents the possibility of the worker- 
managed firm. In-between, we observe pos- 
sible consequences of “creeping worker’s 
management” of the firm. 

The next problem ts: which point on the 
bargain-possibility curve has the most stabi- 
lizing effect on the organization of the firm? 


Il. The Bargaining Game in the Firm 


The employees and physical assets sup- 
plied by the stockholder collectivity co- 
operate in the production of organiza- 
tional rent, even though there is a conflict 
over its division. This conflict may also ex- 
tend to the amount of the organizational 
rent to be produced in each period. For the 
higher the average growth expenditure, the 
lower is the current organizational rent per 
employee. As a result, for any given internal 
distribution, the lower is the average dif- 
ferential earnings of the employees. In con- 
trast, growth expenditures are necessary 
costs to the increment of the stockholders’ 
wealth up to a certain amount (see equation 
(6)). This introduces an important oo 
try into their interests. 

Although employees’ and stockholder’s 
opinions about the amount and distribution 
of organizational rent may differ, they can- 


°As indicated in fn. 4, the employees may be inter- 
ested in the growth of the firm if we introduce the 
hierarchical nature of the firm into the model. But even 


so, stockholder and employee preferences for growth- 


would not coincide precisely. 
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not injure each other unless they cease to 
cooperate and thus incur the cost of open 
conflict. They therefore may have a mutual 
interest in reaching open and/or implicit 
agreements before production. This is con- 
sidered a typical cooperative-type game 
situation. 

Suppose that a preproduction bargaining 
game for a binding agreement on differen- 
tial earnings is carried out with the manager 
of the firm as an arbitrator. The representa- 
tive employee facing the manager in the 
bargaining has a von Neumann-Morgenstern 
(NM) utility indicator u(-) defined on the 
domain of possible differential earnings. 
Note that differential earnings are uncertain 
until an agreement is reached even if there 
is no market uncertainty. The NM utility 
indicator represents the employee’s attitude 
toward the risk of internal conflicts in the 
bargaining. 

The investors who became stockholders 
of the firm through portfolio selection in the 
financial market in general differ from each 
other in their attitudes towards risk (and in 
their expectations). But, needless to say, they 
neither negotiate with the representative em- 
ployee individually, nor make decisions on 
sales price and growth expenditures by 
themselves. They delegate these jobs to the 
manager. The manager is assumed to be 
guided in the bargaining process by a single 
NM utility indicator v(-) defined on the 
domain of aggregate wealth V producible 
by the firm. The utility indicator is supposed 
to represent the manager’s view as to 
stockholders’ interest. The interesting ques- 
tion arises whether the manager’s actions 
can ever be approved unanimously ex post 
by the stockholders when he is guided by 
the single utility indicator. To put it differ- 
ently, if the manager’s utility indicator, con- 
structed in an appropriate way, is replaced 
by the true utility indicator of any stock- 
holder, ceteris paribus, will the same bar- 
gaining outcome emerge?’ This question will 


7This problem is similar in character to the question 
of the possibility of stockholders’ unanimity under un- 
certainty when they are different in both their subjec- 
tive probabilities and their risk attitudes. See Sanford 
Grossman and Joseph Stiglitz for a handy survey and 
recent treatment of the theory. 
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be answered after a description of the na- 
ture of bargaining. 

The following formulation of a bargaining 
_ process is essentially due to Zeuthen and 
Harsanyi (1956, 1977). Imagine that at 
bargaining process time +, the representative 
employee contemplates whether or not to 
make a demand for differential earning h in 
addition to œw which is an agreed. base for 
bargaining at that time. If he fails in the 
negotiation, the cooperation of the stock- 
holders via the manager is withheld. In this 
situation of conflict, his differential earnings 
would be &, which I treat as given in the 
model. (The value of & is zero at worst, 
which is the case when the employees have 
no choice other than looking for jobs on the 
competitive external labor market.) 

In order for the demand to be worth 
making, the expected utility gain (1 — 
q)[u(w’ +h)—u(w")] must exceed the ex- 
pected utility cost g[u(w")— a] of open con- 
flict, where q is the employee’s subjective 
estimate of the probability that the manager 
would reject his demand, and #=u(@). In 
other words, the maximum probability per h 
of open conflict that the representative em- 
ployee can tolerate is given by 


ulo +h)—u(w’) 
hl ulo +h) —a] 


and as h->0, this tends to u’(w")/[u(w”)— 4]. 
-= This expression may be considered an ap- 
propriate measure of representative | em- 
ployee’s bargaining power at time r,’ de- 
noted by BY. 

On the other hand, let the stock value in 
the event the employees withdraw coopera- 
tion be V, which is treated as exogenous to 


®Zeuthen assumes that both bargaining partners are 
risk neutral. Harsanyi (1956, 1977) treats the case where 
the numbers of players are fixed. The present model is 
somewhat unique in the sense that the number of 
players (employees) is variable, although it is a 
straightforward application of the Harsanyi model in 
its essential character. 

The measure u’/(u—u) appears often in economic 
literature. Robert Aumann and Mordecai Kurz call it 
the measure of boldness. Costas Azariadis finds that 
the measure is also relevant in the analysis of “ ‘implicit” 
labor contracts. 
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the model. If the manager succeeds in reject- 
ing the employees’ demand for additional 
earnings h at time 7, the stockholders’ net 
gain would be v(¥(w’)) — olla +h)), 
whereas if he fails in negotiation and if the 
employees withdraw their cooperation at the 
manager’s rejection, the stockholders loss 
would be o( ¥(w" +h))—v(V). By reasoning 
symmetrical to that for the employees’ case, 
the maximum risk per h of open conflict 
that the stockholders can tolerate in the 
manager's view is 


o( ¥(w"))—o( F(a" +h)) 
hl o(a +h)) +6] 


where 6=0(V). As h->0, this tends to 
—v'(¥(w")): ¥’(w") /[v(¥(w")) — 6]. Divide 
it by —¥’(w") and call the quotient a mea- 
sure of the stockholders’ bargaining power 
assessed by the manager at time r. Denote it 
by bo. 

The essence of Zeuthen’s construction is 
to suppose that each party will make a con- 
cession to his opponent when he finds that 
the latter’s readiness to bear the risk of open 
conflict is firmer. In mathematical notation, 

h20 accordingas Br2—f"-¥’(o") 
Harsanyi (1977, p.12) refers to the relation 
as the “Zeuthen Principle.” Another way of 
writing it is 


(8) 





+BY (o) 


The process (8) may be considered either 
as a model of actual collective bargaining, 
or as a description of the process of 
managerial calculation designed to bring 
stability to the organizational state of the 
firm. In the latter interpretation, (8) may be 
read as follows: The manager of the firm 
changes the internal distribution and market 
policies in the direction of increasing the 
weighted sum of average differential earn- 
ings of the employees and the stock value 
of the firm, with the respective measures 
of bargaining power as the paar 
weights. 
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The process (8) reaches an equilibrium 
when the right-hand side of (8) becomes 
zero, in which u’/(u—#) = —v'V’ /(v—56). 
As Harsanyi (1956, 1977) noted, this is 
equivalent to the condition that the product 
(u—u)(v—6) is maximized on the bargain- 
possibility frontier. In other words: the 
policy consisting of sales price p*, planned 
growth rate g*, and stockholders’ ‘share 0*, 
corresponding to the equilibrium of the pro- 
cess (8), is the Nash bargaining solution. 
Conversely, the Nash bargaining solution 
equilibrates the bargaining process as for- 
mulated above. 

Now the question raised earlier as to the 
possibility of stockholders’ unanimity can 
be answered. In the process of negotiation, 
the stockholders’ marginal gains from reject- 
ing employee demands for higher earnings 
must be evaluated relative to total losses 
they may incur in the organizational dis- 
array due to open conflict with the em- 
ployees. The manager’s evaluation is rep- 
resented by the measure 8, =v /(v— ô). 
Such a measure would be different if the 
utility indicator of an arbitrary stockholder 
is substituted unless he and the manager 
have the same utility indicator (i.e., unless 
they have the same risk attitude). This means 
- that the manager must use his own judge- 
ment in arriving at organizational agree- 
ments about employees’ earnings. He is not 
an errand boy of the stockholders, but plays 
a more autonomous role. 


Ii. Equilibrium Distribution and Market 
Policies of the Firm 


In this section, I shall derive the Nash 
bargaining solution explicitly and examine 
its properties. The Nash solution is given by 
the 3-tuple (p*, g*, 8*) which will maximize 


10Since the bargain-possibility frontier is convex to 
the origin as depicted in Figure 1, it is not correct to 
say that the organizational equilibrium is characterized 
as the maximization of the weighted sum of average 
differential earnings of the employees and. the stock 


value of the firm when the respective measures of: 


bargaining power at equilibrium are taken as paramet- 
ric weights. 
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[u(w)—a][o(V)~—6], subject to the condi- 
tions defined by (1)—(6) and OS@S 1. 

Taking the logarithm of the objective 
function and forming the Lagrangian L, we 
have 


= log| u((1-9)(p—c~$(g))/1)— a] 
+ log| v(a6( p—c—4(g))p—9// 


(o—g)) -ê| +2(Ppax-P) tA 8) 


where u and À are Lagrange multipliers. 

Differentiating the Lagrangian expression 
with respect to p, g, and @, and setting each 
at zero, we have 


(9) B,1-8)pn/l—B,ox[(1—n)p—e 

—$(g)]/(p-g)<0 (=O if P<Ppax) 

(10) B,(1—-8)/1+ B,x| (p—g) 
—(1/¢’)(p—e-4(g))]/(p—g)’=0 








(11) B,/I-B,x/(p-g)=0  (0<0<1) 
where £,= A - and B= a 
u—û o—b 


Solving the three equations for p, T, and @, 
we can get the equilibrium solution of the 
bargaining game. 

The level of 9* would in zeneral reflect 
the relative bargaining power between the 
stockholder collectivity and the employees. 
This is seen as follows. Conceptually, the 
measure of the representative employee’s 
(manager’s) bargaining power as defined in 
Section II comprises two components: his 
attitude toward risking open conflict in the 
organization, and his attitude toward. small 
gains. The measure declines as his differen- 
tial earnings (the stock value) increase. This 
is so because his inducement to earn small 
gains declines rapidly as his income (wealth) 
increases, if he is risk averse. To cancel out 
the component that measures his attitude 
toward small gains, let us divide the mea- 
sure of his bargaining power at time r by the 
Arrow-Pratt measure of absolute ‘risk aver- 
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sion at the corresponding time. The result- 
ing ratio $, =(u')’/u"(u— ût, =(v')?/ 

v”(v—6)] may be interpreted as measuring 
pure bargaining power of the representative 
employee (of the manager) as Aumann and 
Kurz indicated in a different context. 

If the measure of pure bargaining power 
of the representative employee is a constant 
é, for a relevant range of differential earn- 
ings, then u’/u= — u" /u. (The utility in- 
dicator is normalized in such a way that 
ee 0.) Exponentially integrating, u= 

*“ Again integrating Jog u(w)~[£,,/(1 
+E, )] log(w— ®©). Similarly if the measure of 
pure bargaining power of the stockholders 
perceived by the manager is a constant ¢,, 
log o(V)~[é,/(1+&,)] log(V—V). 

If the utility functions are specified as 
above, equation (11) can be rewritten as 








) (1— DnE E 


(12 r ET: 


where o?°=(p—(T*)Ŷ and W°=4lx*; i.e., 
net gains of the employees, (1—6*)a*— W°, 
relative to those of the stockholder collectiv- 
ity, 0*7*—o°, resulting from their associa- 
tion with the firm, is proportional to their 
relative bargaining power measured by 
£/U+6,)/§/At+6,). If the stockholder 
collectivity is treated as risk neutral by the 
` manager, then £, becomes infinite and, in 
turn, €,/(1+6&, VE, /(+6&,) becomes €,,/ 
(l +È, ), and the employees still enjoy a 
surplus over ô, provided ¢,>0. 

Next, substituting the equilibrium relation 
(11) into ©) and (10), we have the follow- 
ing: 


(N/al)" (058*Sn) 





min| grm (Petele), 


ja 


(n<O*S 1) 


g* oA * ` | 
(B) eB) way 
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Formula (A) is the condition of the 
equality of the marginal organizational reve- 
nue with the marginal organizational cost, 
where the marginal organizational revenue 
(cost) is defined as the sum of the marginal 
revenue (cost) weighted by the stockholders’ 
share ĝ and the marginal per-employee reve- 
nue (cost) times the number of employees 
weighted by their share 1-8. The former 
may be termed the marginal revenue (cost) 
from the stockholders’ point of view and the 


_latter, the marginal revenue (cost) from the 


employees’ point of view. The marginal rev- 
enue from the stockholders’ point of view is 
6(1—7)p and that from the employees’ point 
of view is —(1—@)np, hence the marginal 
organizational revenue is (0—n)p. The 
marginal cost from the stockholders’ point 
of view is given by I[e+9(g)] and that 
from the employees’ point of view is null.!! 
Therefore, equating the marginal organiza- 
tional revenue with the marginal organiza- 
tional cost leads to the formula. In Figure 2, 
the curve A represents the graph of condi- 
tion (A). 

Condition (B) is jemmen of the 
Keynesian condition on the marginal ef- 
ficiency of capital. Let the discount rate that - 
equates the present value of the additional 
dividend stream resulting from an extra 1 
percent of growth to the marginal cost of 
the growth be called the marginal efficiency 


When there is fixed durable equipment, the mar- 
ginal cost from the employees’ point of view is given by 
K,/x, where Kg is the value of initial stocks of the 
durable equipment (see Ward). Therefore if Kg is large 
relative to x, i.e., if the rate of utilization of existing 
capacity is lower, the organizational marginal cost is 
higher. Hence if we- compare two firms which are 
characterized by the same equilibrium share, the same 
equilibrium growth rate and the same degree of mo- 
nopoly in the product markets, the.sales price of the 
firm with larger. idle capacity would be higher. How- 
ever, in actual time of lower-capacity utilization, the 
demand factor would exert a depressing pressure on 
sales price as the degree of monopoly would. be 
weakened. The desired growth rate would also be lower, 
and accordingly expenditure for growth would be lower. 
Their net effects on the level of sales price have to be 
judged on the basis of empirical observation. But the 
possibility that the firm with large capital stocks and a 
large body of monopolizing labor force maintains a 
high price in a time of lower demand would not neces- 
sarily contradict the Zeuthen principle. 


of growth. Condition (B) states that growth 
expenditure should be expanded until the 
marginal efficiency of growth becomes equal 
to the effective interest rate defined as the 
difference between the rate of interest p and 
the rate of expected capital gain g. In Figure 
_ 2, curve B represents the graph of (B). 

Another way of reading condition (B) is 
possible in terms of James Tobin’s “q.” 
Multiplying both sides of condition (B) by 
g/o(g) and using (6), we have 


gV _ _ge(g) 
o(g)x (gg) 
The left-hand side is “the ratio of the incre- 


ment of market valuation to the cost of the 
associated investment” (Tobin and William 
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Brainard, p. 243), that is, “the q ratio on the 
margin.” The right-hand side tells what ex- 
tra percentage of growth expenditure is neċ- 
essary to realize a 1 percent increase of sales 
growth, that is, the elasticity of the growth 
cost. Its magnitude signifies the relative dif- 
ficulty for the firm to grow. Condition (B) 
then reads: The growth should be pursued 
until the marginal g ratio becomes equal to 
the elasticity of growth cost. As the elastic- 
ity is greater than one for a positive growth 
rate by the assumption on the growth cost 
function, so is the equilibrium value of the 
marginal q. 

The equilibrium sales price p* and the 
equilibrium planned growth rate g* are rep- 
resented by the point where curve B inter- 
sects with curve 4 from below. 
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Consider the case where the intersection 
occurs at p*<(N/al)~". If the balance of 
- bargaining power is tilted in favor of the 
representative employee, the equilibrium 
markup margin would increase and curve 
A would shift upward. This would have the 
indirect effect of improving the marginal 
efficiency of growth. But the decline in 
the stockholders’ share associated with 
strengthening of the employees’ relative 
bargaining power would have the direct ef- 
fect of worsening the marginal efficiency of 
growth, shifting curve B leftward. Both these 
shifts have the effect of raising the equi- 
librium sales price. But they have conflicting 
effects on the planned growth rate. Between 
them the former effect is proved to be 
. a little stronger (see the Appendix for 
the proof). If the sales price reaches the 
maximum (N/al)~", then the further 
strengthening of the workers’ bargaining 
power entails the slowing down of the 
planned growth rate. . 


IV. Concluding Remarks 


I have introduced a somewhat unconven- 
tional model of the firm in which both the 
_ employees and the stockholders share the 
organizational quasi rent, and where the 
manager acts as an arbiter between them in 
formulating corporate policy. The internal 
distribution of the quasi rent was endoge- 
nized in this model together with the sales 
price and growth expenditure. However, 
once the internal distribution is given, the 
equilibrium condition for growth does not 
differ from the conventional neoclassical 
condition. This is so because the employees 
are assumed to be homogeneous and not 
able to gain from the growth of the firm. An 


important direction of future research would - 


be to posit that the employees are organized 
internally into a promotional hierarchy, 
benefiting from promotion made possible by 
the growth of the firm, and then examine 
the implication for equilibrium corporate 
policy. Such a supposition seems to be more 
in line with the underlying presumption that 
the employees are firm-specific resources. 
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APPENDIX 


The sign of dg/d@: 
Differentiating formulae (A) and (B) 
with respect to 8, we have 
np 
0 


z sesh? 


Ma Mn || dg/dð 7 





if P SPmax», Where 
r=p—c~@ 
ny= ~(0~n) 
M2 = OG" 
M>,=6 


My, =(1—-8)¢'—(p—g)¢” 


Because the matrix M=((m,,)) is propor- 
tional to 


Lpp Lpg 
Lyp L, & 








evaluated at the equilibrium in the direction 
defined by L,=0, M is negative definite 
from the maximization of the Lagrangian. . 
Hence m,,<0 and |M|>0. Solving for 


. dg /d0, we have 


dg/d0= —[myr+m,(np/6) |/|M| | 
=—[-—(8—n)r+np]/|M| 
= —yr/|M|30- 


where dg/d@=0 only if n=0. If p=p,..> | 
then 


dg/d0= —$'(p—g)/Om>0 
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Tariffs, Nontraded Goods, 
and the Optimal Stabilization Policy 


By R. F. Lucas* 


The past fifteen years have witnessed a 
significant expansion of the theory of trade 
and welfare into the area of distortions. 
However, as Harry Johnson has noted, this 
theory is concerned with real distortions 
such as rigid real wages rather than nominal 
distortions such as the stickiness of nominal 
prices and wages. His and subsequent work 
in this area assumes (either explicitly or 
implicitly) that monetary and fiscal policies 
are implemented to deal with nominal dis- 
tortions thereby introducing a dichotomy 
into the discussion of the appropriate poli- 
cies to utilize in combating real and nominal 
distortions. 

The propensity to view nominal dis- 
tortions as the proper bailiwick of conven- 
tional stabilization policies stems from two 
assumptions. First, it is usually assumed that 
if there is a nominal distortion, it is a down- 
ward sticky nominal wage rate. In this situa- 
tion, unemployment develops because of too 
high a real wage. Second, the type of model 
employed naturally lends itself to a discus- 
sion of aggregate disturbances, whether they 
be of internal or external origin.’ Conse- 
quently, the appropriate stabilization policy 


* Associate professor of economics, St. Thomas More 
College, University of Saskatchewan. An earlier version 
of this paper was presented at the Atlantic Economic 
Society Conference, October 1977, the American Eco- 
nomic Association Meeting, December 1977 and at the 
Canadian Economic Association, June 1979. I am in- 
debted to the managing editor of this Review for his 
detailed criticism. I have benefited as well from the 
comments of John Eckalbar and Don Gilchrist al- 
though the usual caveat applies. 

IThere are two general types of models which can 
be identified. The earlier type consists of two traded 
goods only one of which is priced in local currency. 
Examples of this type are Svend Laursen and Lloyd 
Metzler, Jerome Stein, and Murray Kemp. More re- 
cently, models consisting of a composite traded good 
and a home good have been developed. Two early 
examples are Robert Mundell (pp. 86-114) and Anne 
Krueger. In either type, disturbances tend to be char- 
acterized as aggregate in nature. 
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consists of expenditure changing which 
operates on the aggregate price level to gen- 
erate a real wage consistent with full em- 
ployment, and expenditure switching which 
insures balance-of-payments equilibrium. 

However, as Robert Barro and Barro and 
Herschel Grossman (1971, 1976) have dem- 
onstrated, if the stickiness of wages is to 
have a foundation in choice theory, then it 
logically requires sticky prices as well, and 
hence the real wage is sticky. In this type of 
world, firms may operate in the short run 
where the marginal product of labor differs 
from the real wage. In addition, if the events 
of the past five years have demonstrated 
anything, it is that relative disturbances— 
that is, disturbances which force a change in 
relative prices in production sectors—are as 
important as aggregate disturbances as a 
source of fluctuations in income and em- 
ployment. Consequently, in a world of sticky 
prices and wages and relative disturbances, 
it would appear that a discussion of the 
optimal stabilization policy must concern 
itself with real as well as nominal distor- 
tions. 

In this paper I analyze the optimal stabili- 
zation policy in a world of sticky prices and 
wages and relative disturbances. A choice- 
theoretic basis for the investigation is pro- 
vided by concentrating on the utility level of 
households rather than on more conven- 
tional targets such as full-employment in- 
come. The analysis suggests that the optimal 
policy is one of expenditure switching and 
expenditure changing coupled with commer- 
cial policy which, following the theorem of 
Jagdish Bhagwati and V. K. Ramaswami, 
operates directly on the source of the distor- 
tion without introducing additional distor- 
tions. 

Finally, in light of the probability that the 
optimal policy requires an amount of infor- 
mation which is not available, I examine a 
second-best policy requiring a minimum 
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amount of information. One result obtained 
is the suggestion that tariffs can play a posi- 
tive role in stabilization policy thereby pro- 
viding another macro policy tool for the 
authorities. 


I. Analytical Framework 


In order to investigate the effects of rela- 
tive disturbances, I chose a familiar frame- 
work in international trade literature— 
namely, a small, open economy operating 
under fixed exchange rates which may be 
parametrically changed. The framework in- 
volves six economic goods——labor services, 
a home good, an import good, an export 
good, domestic currency, and foreign ex- 
change. The necessity for distinguishing be- 
tween imports and exports, in contrast to 
the more common approach which utilizes a 
composite traded good, follows from the 


fact that I am interested in the effects of . 


relative disturbances including a change in 
the world terms of trade between traded 
goods. 

The framework also involves three forms 
of economic decision-making units—firms, 
households, and the government. Firms em- 
ploy labor services to produce the home 
good and exports. Households supply labor 
services (exogenously determined), consume 
the home good and the import good, and 
save- by. accumulating money balances. 
Labor services are homogeneous, freely mo- 
bile between the two sectors, and are the 
only variable input into the production 
processes. The marginal product of labor is 
positive but diminishing in both production 
processes. Households also receive the prof- 
its of the firms according to a prede- 
termined pattern and there i is no market for 
claims to these profits.?, 

The home good is not traded internation- 
ally because of either high transport costs or 
an excess level of protection. Domestic cur- 
tency serves as the medium of exchange, 


*In particular, I assume that profits are only re- 
ceived during the working years. This assumption al- 
lows.me to specify demand functions as independent of 
the distribution of income between wages and profits. 
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_ store of value, and unit- of account. It is the 


sole liability of the government. 

The prices of the traded goods in terms of 
foreign currency are fixed. Hence the do- 
mestic prices of the traded goods are equal 
to the exchange rate (defined as the domestic 
currency price of foreign currency) times the 
prices in foreign currency. Expectations of 
exchange rate adjustment are zero and con- 
stant. 

The model thus includes the. ‘cliowing 
variables: 

C= flow of the home good, assumed not 
traded internationally 

X=flow of exports, not consumed at 
home 

V =flow of imports not produced at home 

L=flow of labor services where a sub- 
script c or x denotes the labor services as- 
signed to the respective sectors 

P,=the price of the ith good in units of 
domestic currency; i=c, x, v 

*=the price of the ith traded good in - 
units of foreign currency, exogenously de- 
termined; i=x,v 

e=the exchange rate, the domestic cur- 
rency price of foreign currency; e=P_/P*= 
PJP 

W= the nominal wage rate in units of 
domestic currency 

M =stock of domestic currency . 

m=rate of change of the stock of domestic 
currency; m=dM /dt 

Y=flow of current production, expressed 


o terms of the home good; Y=C+ 


P,/P)X 


In the discussion which follows, I model 
firm and household behavior under the as- 
sumption of general market clearing, and 
then modify their behavior to take into 
account the possibility of exchange under 
non-market-clearing wages and prices. 


A. Firm and Household Behavior under 
General Market Clearing 


Under general market- clearing condi- 
tions, price-taking profit-maximizing firms 
in each industry set employment and output 
such that the marginal product of labor in 
each industry is equal to the nominal wage 


VOL. 70 NO. 4 


rate divided by the price of output in that 
industry. These assumptions are formalized 
by equations (1)—(4) below: 


(1) LesLiW/P.) = La <0 


(2) C’=C(W/P,)=F| L4(W/P,) | 


where F, (L,)=W/P,, and F is the produc- 
tion function in the home-good industry. 


(3) Li=LW/P,)  La<0 


(4) X°=X°(W/P,)=G| LE(W/P,)| 


where G,,(L,)=W/P,, and G is the pro- 
duction function in the export industry. 

Households are also wage and price takers 
in all markets, and I assume for simplicity 
that their supply of labor services is con- 
stant. Utility maximization together with the 
assumption that C, V and future consump- 
tion are normal therefore yields the follow- 
ing demand functions. 


(5) C7=C“Y, P,/P,, M/P.), 
0<Ci<1,Cf/Z0, C/>0 
(6) VA=VY, P,/P,,M/P.), 
0<(P,/P.)Vi<1,Vi<0, VZ>0 
(7) 


mi 


-5 =m(Y,M/P,), 0<m{<1,m3<0 


Equation (7) specifies saving to be indepen- 


dent of the relative price of the import good. 
I assume that households regard all changes 
in prices as permanent and that the utility 
function relating present and future con- 
sumption is homothetic. A change in prices 
alters present and future household con- 
straints in the same manner and hence, such 
a change should not affect saving measured 
in either units of the home good or in 
domestic currency.’ 


3For a further discussion of this point, see Kemp 
and the references cited there. 
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The assumption that household expendi- 
ture is invariant to changes in the relative 


‘price of the import good implies that the 


degree of substitutability between the home 
good and the import good is closely related 


-to the size of the relative price elasticity of 


import demand, denoted by 7. Specifically, 
C#20 as n21, 


P/P 
where* y= -— L e yd 





The government holds reserves of foreign 
exchange which it buys or sells in order to 
fix the exchange rate. This assumed be- 
havior on the part of the authorities allows 
me to assume balance-of-payments equi- 
librium even though I am dealing in the 
short run. The equilibrium does not come 
about through an intertemporal process but 
rather through the authorities providing in- 
stantaneously the appropriate quantity of 
financial assets. The government may also 
alter the money supply through other opera- 
tions when it engages in a parametric change 
in the exchange rate. 

Combining the behavior of firms, house- 
holds, and the government, and utilizing the 
budget constraints to eliminate the flow de- 
mand for money yields the conditions which 
describe general market clearing in a fixed 
exchange rate regime.” 


(8) CY, Fol Pes M/P.)=C*(W/P.) 


home-good market 


‘This implication can be verified by differentiating 
the household budget constraint with respect to P/P, 
which yields C/+(P,/P.)Vi+V4=0. 

5Combining the budget constraints of firms, house- 
holds, and the government yields 


[C2(-)-C*%(-)] +(W/ PLAC) + L2(-)-L*] 


+| mec.) LA |=0 


Since dM/dt=0, m%(-) must necessarily be equal to 
zero in a market-clearing situation. 
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(9)  dM/dt=P.X*(W/P.) 
—PV(Y, P,/P., M/P,)=0 


foreign exchange market 


(10) L&(W/P,)+LW/P,)=L' 


labor services market 


where Y=C*+(P,/P.)X°, P, =eP*, P, = 
eP*, L‘=L*. Given predetermined values 
of L*, e, P¥, and P*, these three conditions 
determine P., M, and W. 


B. Firm and Household Behavior under 
Non-Market-Clearing Conditions 


Conditions (8)—(10) are only valid if prices 
and wages adjust rapidly enough to insure 
that markets always clear. However, if in 
the short run stickiness of prices and wages 
prevents markets from clearing, then the 
above behavior must be modified. 

In particular, if P, and W are temporarily 
fixed at a level of which implies that C“%-)< 
C*(-), then profit-maximizing behavior im- 
plies producing the quantity demanded with 
the minimum amount of labor services. 
Thus, the home-good producers demand 
labor services according to 


(11) . 


where F~'[-] is the inverse of the produc- 
tion function. It follows therefore that if 
C%-)<C*(W/P.,), the marginal product of 
labor exceeds the real wage. 

Alternatively, if C4(-)>C*%(-), it is as- 
sumed for simplicity that firms will meet 
demand even if it implies producing at a 
level of operation where the marginal prod- 
uct of labor is less than the real wage. Con- 
sequently, equation (11) depicts home-good 
producer behavior under conditions of ex- 
cess demand as well as excess supply. 


L? =F" C%-)], Fr 1>0 


One might question this assumption since it ap- 
pears to be incompatible with profit-maximizing be- 
havior. However, the alternative assumption that firms 
do not meet demand if it exceeds notional supply 
would require a respecification of import and saving 
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Export producers never face a sales con- 
straint since by assumption they face a per- 
fectly elastic demand at the world price. 
Hence their behavior remains as specified 
above.’ Also, given that labor supply is con- 
stant, household demands have the same 
form whether or not the labor market is 
clearing. 

Combining the above behavior and again 
using the budget constraints to eliminate the 
flow demand for money yields the condi- 
tions for determining output and employ- 
ment under non-market-clearing conditions. 


(12) C=C4(Y, P,/P,,M/P.)=C(W/P,) 
home-good market 


(13) dM/dt=P_X*(W/P.) 


—-PV(Y, P,/P,, M/P,)=0 


_ foreign exchange market 


(14) L=L4(C)+L4W/P.)<L 


labor services market 


where Y=C+(P,/P,)X*, P, =eP*, P, = 
eP*, Given predetermined values of e, P*, 
P*, P., and W, these three conditions de- 
termine C, M, and L. 

It should be noted that system (12)—(14) 
is an alternative to the system (8)—(10). 
Equations (8)-(10) may be solved to de- 
termine the new general market-clearing 
position in response to an exogeneous dis- 
turbance. However, if P, and W are sticky, 


demands to allow for a spillover from unfulfilled home- 
good demand. This respecification would entail a 
significant increase in complexity without an offsetting 
benefit since, as the subsequent analysis demonstrates, 
the results obtained are invariant to these alternative 
specifications of producer behavior. 

TOf course, if there is excess demand in the labor 
market, then producers in both sectors may be con- 
strained in their labor purchases which would affect 
supply behavior. However, in the analysis which fol- 
lows, one target of stabilization policy is clearing in the 
labor market which rules out the above possibility. For 
a more general formulation of producer behavior under 
non-market-clearing conditions, see my dissertation. 
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then the equations in conditions (12)—(14) 
will yield the temporary “disequilibrium 
equilibrium” generated by the exogeneous 
disturbance. 


H. Stabilization Policy Rankings 


In the analysis which follows, I investi- 
gate the efficacy of various policy mixes in 
insulating an economy from relative dis- 
turbances and this analysis necessitates a 
specification of an objective function. Since 
a country with finite reserves cannot main- 
tain a long-run balance-of-payments deficit, 
and since it is also subject to a resource 
constraint, it is assumed that the ap- 
propriate criterion for ranking the policy 
mixes is the maximization of the social 
welfare function® 


(15) U=U(C,V) 


subject to 


(16) 
P,X*(W/P,)-P VAY, P,/P,, M/P,) <0 


O) LE(C)+.L4(W/P,)<L* 


where U is convex with positive marginal 
utilities for finite values of C and V. 

Ruling out the possibility of corner solu- 
tions, a necessary condition for a solution to 
the above problem is that the marginal rate 
of transformation between C and V is equal 
to the marginal rate of substitution between 
C and V. This condition is depicted in Fig- 
ure | (ignore for the moment the ZZ” locus); 
ZZ, represents the production transforma- 
tion schedule between C and X for the re- 
source constraint L*. In order to derive a 
transformation schedule between C and V 
which incorporates the balance-of-payments 
constraint as well, simply calculate the 
amount of imports which can be purchased 
with the foreign exchange earnings of a given 
level of export production. For example, 


8In a more complete analysis, the supply of labor 
services would enter the utility function opening up the 
possibility of a policy tradeoff between consumption 
and leisure. However this consideration is beyond the 
scope of this paper. 
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FIGURE I 


for point A, the quantity of imports consis- 
tent with balance-of-payments equilibrium 
is (P*/P*)X,. Utilizing this approach, a 
transformation schedule between C and V 
consistent with full employment and bal- 
ance-of-payments equilibrium can be gener- 
ated and its slope is given by equation (18). 


BO EO = BOs pa 
089) wax av ax P) 


The position of this transformation schedule 
is determined by the world terms of trade. 
By initially choosing units such that P*/P* 
=], the transformation schedule between C 
and V must coincide with ZZ’. If U(2) rep- 
resents a social indifference curve, then point 
A is the solution to the above problem. 
Anticipating the subsequent analysis, it is 
instructive to consider the impact of a de- 
cline in the world price of exports P*. While 
the production transformation schedule is 
invariant to changes in P* /P*, the transfor- 
mation schedule between C and V is not. 
Since the relative price of imports has risen, 
the amount of imports which can be 
purchased with the foreign exchange earn- 
ings of a given level of export production 
must decline. Therefore, for point A, V} = 
(P¥/P#),X,<V, since (P*/P*) <1. By 
performing this calculation for all produc- - 
tion points on the ZZ’ locus, I can trace out 
a new transformation schedule between C 
and V (denoted as ZZ”) which must lie 


l 
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interior to ZZ’ (except at the production 
point characterized by complete specializa- 
tion in the home good). Given the balance- 
of-payments and resource constraints, the 
consumption point associated with maxi- 
mum social welfare must now be bounded 
from above by the ZZ” locus. 

We know that a general market-clearing 
situation derived under price-taking be- 
havior is isomorphic to the maximum social 
welfare position. In what follows therefore I 
begin from a position of general market 
clearing, impose a relative price disturbance 
on the system described by equations (8)— 
(10), and solve for the new genera! market- 
clearing position. This then serves as the 
reference point for the optimal stabilization 
policy. I then assume sticky prices and wages 
and solve equations (12)—(14) for the level 
of output and employment in the absence of 
discretionary stabilization policy. Finally, I 
investigate a number of policy mixes which 
concentrate on maintaining balance-of- 
payments equilibrium and full employment, 
demonstrate that they are second or third 
best policies, and then derive the optimal 
stabilization policy. ~ 


A. Effects of a Decline in P* / P* 


As an example of a relative disturbance, 
consider a deterioration in the terms of trade 
between exports and imports brought about 
by a decline in the world price of the export 
good. Within the context of this model, a 
proportional increase in the foreign cur- 
rency price of the import good will generate 
identical general market-clearing solutions. 

The decrease in the foreign price of the 
‘export good produces a proportional de- 
crease in the domestic price, thereby in- 
creasing the real wage in the export in- 
dustry. Profit maximization requires firms in 
the export industry to reduce their output. 
This reduction in exports reinforces the ini- 
tial reduction in the value of export-good 
production to generate a balance-of-pay- 
ments deficit. As the authorities reduce the 
domestic money supply in the face of this 
external deficit, the demands for the import 
and home goods decline through the wealth 
effect of lower real balances. The resulting 
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excess supply in the home-good and labor 
markets generates downward pressure on 
the home-good price and the nominal wage 
rate. 

The new market-clearing position gen- 
erated by this disturbance is effected by a 
decline in P., M, and W, and it is char- 
acterized by a larger, unchanged, or smaller 
nontraded sector as the relative price elastic- 
ity of import demand is greater than, equal 
to, or less than unity (or alternatively, 
whether the import and nontraded goods 
are gross substitutes, independent, or gross 
complements).? Assuming gross substituta- 
bility, we can depict the new market-clearing 
production position in Figure 2 as point B 
where point A is assumed to be the initial 
position. As noted above, with a decline in 
P*/P*, the transformation schedule be- 
tween C and V shifts inward to ZZ”. Con- 
sequently, although production remains on 
the ZZ’ locus, consumption shifts to the 
ZZ” locus. The consumption point corre- 
sponding to production point B is denoted 
as B’ and it consists of C, of the home good 
and V,=(P*/P*),X, of the import good. 
The level of utility is lower in the new 


| market-clearing position since the country 


has suffered a decline in its external terms 
of trade. Nevertheless, point B’ does repre- 
sent the point of maximum welfare. 

In contrast, if P, and W are sticky in the 
short run, then production point B (and 
hence consumption point B’) will not be 
attained. The reason is straightforward. Re- 
call that the reduction in export production 
and the subsequent contraction of the 
domestic money supply generated by the 
decline in the foreign currency price of the 
export good creates excess supply in both 
the home-good market and the labor market. 
If the home-good price and. nominal wage 
rate fail to respond to this excess supply, 
firms in the home-good sector have no re- 
course but to reduce output to the level of 
sales. This in turn implies a decline in em- 
ployment in the home-good sector which 


9See the Appendix for a derivation of these and all- 
other results. For the sake of brevity, the discussion in 
the text is limited to the case of an elastic import 
demand although an extension of the analysis to the 
other cases is straightforward. 
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reinforces the initial decline in employment 
in the export-good sector. The resulting re- 
duction in income generates further reduc- 
tions in demand, output, and employment 
in the home-good sector through the familiar 
multiplier process. Thus, in a fixed exchange 
rate regime with sticky prices and wages, a 
decline in the world price of exports pro- 
duces a sharp contraction of output and 
employment which involves both sectors of 
the economy. 

This result is also depicted in Figure 2. 
Clearly, production of both C and X must 
be less than the predisturbance values C, 
and X,, respectively. However, export pro- 
duction must also be less than X,. To see 
this, recall that the nominal wage is lower at 
point B than at point A which implies that 


under a situation of sticky nominal wages,. 


the real wage in the export sector must be 
higher than at point B. Hence the produc- 
tion point must lie to the south of A and 
west of B such as D, with the corresponding 
consumption point lying to the southwest of 
B' at D’ (with C; of the home good and 
Vi =(Pi/P*),X_ of the import good). 

If the government wishes to avoid this 
sharp contraction in output, it must engage 
in active stabilization policy. In what fol- 
lows, I assume that the government objec- 
tive is to satisfy the equalities in (16) and 
(17)—namely, balance-of-payments equi- 
librium and full employment—and demon- 
strate that this objective must yield a second 
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best solution since it cannot guarantee max- 
imum social welfare.'° 

The first policy mix considered is an ex- 
change rate adjustment and active monetary ` 
policy. Differentiating equations (16) and 
(17) with respect to e, M, and P*, and 
solving for de/dP* and dM/dP°, yields the 
changes in e and M necessary to preserve 
balance of-payments equilibrium and full 
employment in the face of a decline in the 
world price of exports—namely, a devalua- 
tion of the domestic currency and either a 
reduction, no change, or an increase in the 
money supply as the relative price elasticity 
of import demand is greater than, equal to, 
or less than unity. This dependence of the 
appropriate monetary policy on the elastic- 
ity of import demand follows from the as- 
sumption that the impact on home-good 
demand of the rise in the domestic price of 
imports (resulting from the devaluation) is 
directly related to the elasticity of import 
demand. In the case of elastic demand, this 
impact is positive and hence the home-good 
market is characterized by excess demand 
following the devaluation, necessitating a 
contraction of the domestic money supply."! 


'0This discussion excludes tax-financed government 
expenditures from the list of available policies since, as 
Martin Bailey has demonstrated, if these expenditures 
enter the utility functions of households, relative and 
aggregate demands are invariant to them unless they 
are subject to discounting. The utility loss resulting 
from this discounting implies that tax-financed ex- 
penditures must be dominated by other policy tools 
available to the government. Another alternative is that 
tax-financed expenditures are productive and as Gross- 
man and I have demonstrated, no discount is required 
for the provision of these goods to have macro implica- 
tions. However if the expenditure on these goods is 
subject to stabilization requirements, there will be a 
corresponding utility loss to the extent that the provi- : 
sion of these goods deviates from the level judged 
optimal from the viewpoint of resource allocation. 

Hn the case of unitary elasticity, no active monetary 
policy is necessary since a devaluation of the domestic 
currency equiproportionate to the decline in the world 
price of exports will maintain the government’s objec- 
tive of balance-of-payments equilibrium and full em- 
ployment. In this special case, this objective will also 
achieve maximum social welfare since the market- 
clearing position is unchanged. In this instance, the 
relative disturbance takes on the properties of an ag- 
gregate disturbance which, in the absence of capital 
account transactions, can be offset entirely by an ap- 
propriate exchange-rate adjustment. 
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FIGURE 3 


This result is depicted in Figure 3 where 
the original and the new market-clearing 
production positions are denoted as A and 
B, respectively. The production position ob- 
tained by the above policy mix is denoted 
by E and the corresponding consumption 
position by Æ’, and E must lie to the left of 
B (which of course implies that E’ must lie 
to the left of B’). 

The proposition that the policy mix of 
devaluation and contraction of the domestic 
money supply leads to an overshooting of 
point B is readily verified. Since the output 


of the home-good sector has risen in the. 


face of a constant real wage, it follows that 
_ the marginal product of labor is less than 

the real wage. However, in the export sector, 
the marginal product of labor is equal to the 
real wage. Consequently, the marginal rate 
of transformation between C and X must be 
less in absolute value than the relative price 
between C and X which requires point E to 
lie to the left of point B in Figure 3. 

This result also implies that, as depicted 
in Figure 3, the marginal rate of transforma- 
tion between C and V at point E’ must be 
less in absolute value than the marginal rate 
of substitution. Formally, 
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and since 
dC _ePy 
(19) = a < P 
it follows that 
dC eP* dU / IV 
(20) dv ~ P, — 3U/3C 


Consequently, even if a policy mix of de- 
valuation and contractionary monetary . 
policy achieves balanced trade and full em- 
ployment, it cannot achieve maximum util- 
ity and D it is a second best 
policy.’ 

As a second poly mix, consider a com- 
bination of exchange rate adjustment and 
tariff (subsidy) policy.” These two policies 
are independent if the tariff (subsidy) is 
placed solely on the import good since the 
tariff (subsidy) changes the domestic terms 
of trade between traded’ goods as well as 
between traded and nontraded goods. De- 
fine the ad valorem tariff (subsidy) as ¢. 
Then again, : 


P,=(1+t)eP* 


12 One might be tempted to infer that this result 
obtains because my assumption about home-good pro- 
ducer behavior ensures inefficient production. However 
this is not the case. Suppose home-good producers fail 
to increase their output levels in response to excess 
demand. Then the only feasible point on the transfor- 
mation schedule between C and X is point A which 
implies a devaluation of the domestic currency that 
completely offsets the decline in the foreign currency 
price of X. However, even though in this situation 
production is efficient, point A’, the consumption point, 
is characterized by inefficiency. This follows from the 
fact that the policy implies unfulfilled excess demand 
in the home-good sector since income is constant and 

P,/P, is higher. Consequently, even though the margin- 
al rate of transformation between C and V is equal to 
the relative price, the marginal rate of substitution 
between C and V must be less than the -relative price. 
Hence point A’ is characterized by inefficiency and 
again this policy cannot be optimal. 

13 This policy combination was apparently chosen by 
the Australian government in 1976 when it devalued 
the Australian currency by 17.5 percent and accompa- 
nied the devaluation with a broad reduction in tariffs 
on imports. 
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Assume further that the proceeds (expendi- 
ture) of the tariff (subsidy) are reimbursed 
(collected) in a lump sum fashion and that 
they are allocated to (financed from) con- 
sumption and saving. More formally, 
household disposable income is now given 
by 


Y=SC+(P,/P)X+T 


where T=t(P,/P,)V". 


Substituting these definitions of the do- 
mestic price of imports and disposable 
income into equations (16) and (17), and 
solving for de/dP* and dt/dP*, yields the 
changes in e and ź necessary to preserve 
balance-of-payments equilibrium and full 
employment in the face of a decline in the 
world price of exports—namely, a devalua- 
tion of the domestic currency and either a 
subsidy or a tariff on the import good as the 
relative price elasticity of import demand is 
greater than or less than unity. As in the 
case of the previous policy mix, under 
the assumption of elastic import demand, 
the devaluation generates excess demand in 
the home-good sector which requires a sub- 
sidy on the import-good price in order to 
eliminate this excess demand through a rela- 
tive price change. 

Furthermore, since the subsidy tends to 
counteract the impact of devaluation on the 
value of import demand, while in the previ- 
ous policy mix the contractionary monetary 
policy tends to reinforce this impact, it fol- 
lows that the devaluation necessary to re- 
store balance-of-payments equilibrium is 


'41t should be noted that this formulation implies 
that commercial policy affects saving since a rise in ¢ 
increases the value of income. Consequently, this for- 
mulation differs from the standard treatment of com- 
mercial policy such as Russell Boyer. However, as 
Michael Mussa has noted, a tariff on imports will 
reduce the purchasing power of wealth and it seems 
reasonable therefore to assume that a tariff will affect 
saving. I have attempted to capture this effect with the 
above formulation. In addition, the definition of T 
assumes that since the impact of a change in ¢ on 
(P,/P,)V% and hence on the revenue collected is of 
second-order magnitude, it may be safely ignored. 
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greater when accompanied by a subsidy. 


This in turn implies that for a given decline 
in the foreign currency price of the export 
good, the domestic currency price of this 
good must be higher under a policy of de- 
valuation and subsidy. Consequently, in 
Figure 3, the level of export production must 
exceed X, or alternatively, the production 
point must lie to the right of E. 

However,. it can no longer be assumed 
that the new position overshoots the new 
general market-clearing position, and this 
proposition is most easily demonstrated by 
concentrating on the ZZ” locus, the 
transformation schedule between C and V. 
By definition, recall from (18) that 


NNN onae daie hiram 





and since, in an analogous fashion to the 
first policy mix, 








dC eP% 
(21) TIP 
it follows that 
dC eP% 
(22) ~ a0 SP 


In addition, however, the subsidy drives a 
wedge between the world terms of trade 
P*/P* and the marginal rate of substitu- 
tion. Therefore, since ¢ is negative, 


eP* eP*(1+t)  3U/3V 
(23) p> a ~ au ac 


Substituting (23) into (22), we obtain 


dC -. 
(24) ve 


aU /aV 
aU / 9C 





The inequality in equation (24), when com- 
bined with the restriction on the level of 
export production, implies that the produc- 
tion point generated by a devaluation and 
tariff can lie anywhere. between E and A in 
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Figure 3 and the corresponding consump- 
tion point between €’ and A’. 

As I have drawn U(0), any point between 
E’ and A’ is preferable to EZ’, but the possi- 
bility exists that the exchange rate and tariff 
policy generates a consumption point where 
the marginal rate of transformation between 
C and V exceeds (in absolute value) the 
marginal rate of substitution by more than 
the marginal rate of substitution exceeds the 
marginal rate of transformation in the ex- 
change rate and monetary policy mix. Con- 
sequently, it is not possible to demonstrate 
that either policy is superior although the 
analysis does suggest that tariffs could play 
a part in stabilization policy. 

By now it should be apparent that, by 
concentrating on targets of balance of pay- 
ments and full employment, the government 
cannot achieve the optimal production point 
since as long as the real wage in the home- 
good sector is fixed, the marginal rate of 
transformation will differ from the marginal 
rate of substitution. 

As Bhagwati and Ramaswami have dem- 
onstrated, the optimum policy must operate 
directly upon the source of the distortion 
without introducing additional distortions. 
In the context of this model, the optimum 
policy is a uniform wage subsidy which 
achieves the correct real wage in the home- 
good sector coupled with a devaluation of 
the domestic currency and a contraction of 
the domestic money supply. This follows 
directly from the solution of equations (8)— 
(10) which, under the assumption of elastic 
import demand, requires W/P. to decline, 
e/P, to rise, and M/P, to decline. With 
constant P, and W, this can be accom- 
plished by a subsidy on W, devaluation, and 
reduction in M. 


B. Effects of an Increase in P* / P* 


An investigation of an improvement in 
the terms of trade between exports and im- 
ports brought about by (say) a decline in the 
foreign currency price of imports yields 
completely symmetrical results. In particu- 
lar, if import demand is relative price elastic, 
the new market-clearing position is char- 
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acterized by a smaller home-good sector and 
a larger export sector. 

With a sticky home-good price and nomi- 
nal wage, this disturbance generates a mul- 
tiplicative contraction in income and em- 
ployment in the home-good sector as 
producers react to the decline in sales 
brought about by the relative price change. 
This decline in income is reinforced by the 
contraction of the domestic money supply 
resulting from the balance-of-payments def- 
icit. 

A policy mix of devaluation and ex- 
pansion of the domestic money supply can 
achieve balance-of-payments equilibrium 
and full employment through an expansion 
of the export sector, but again this policy 
mix generates an overshooting of the new 
general market-clearing position with a cor- 
responding divergence between the marginal 
rates of transformation and substitution. !’ 

A policy mix of devaluation and tariff on 
the import-good price can also achieve 
balance-of-payments equilibrium and full 
employment with the same ambiguous rela- 
tionship between the marginal rates of 
transformation and substitution. Again, the 
optimal policy must operate on the source 
of the distortion, the real wage in the home- 
good sector. In particular, a wage tax, de- 
valuation of the domestic currency, and ex- 
pansion of the domestic money supply can 
achieve maximum welfare. 

An investigation of additional distur- 
bances, whether they be of external or inter- 
nal origin, which require a change in the 
real wage in the home-good sector will gen- 
erate the same conclusion of the above anal- 
ysis—namely, that there is in general no 
second best policy, and the optimal policy 
must contain an instrument which can oper- 
ate directly on the real wage in the home- 


I5This policy maintains full employment through an 
expansion of the export sector and a contraction of the 
home-good sector. If home-good production declines in 
the face of a constant real wage in this sector, the 
marginal product of labor must exceed the real wage. 
However, in the export sector the marginal product of 
labor is equal to the real wage. Hence, the marginal 
rate of transformation must exceed, in absolute value, 
the marginal rate of substitution. 
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good sector to ensure efficient production 
while simultaneously ensuring the correct 
division of demand between imports and the 
home good and the correct level of aggre- 
gate demand. 


Il. Conclusions 


The analysis of this paper suggests that, if 
due to sticky prices and wages, relative de- 
mand disturbances are an important source 
of fluctuations in income and employment, 
then the study of stabilization policy can be 
viewed as a subset of the general theory of 
distortions and welfare. In particular, the 
optimal policy (1.e., the welfare-maximizing 
policy) is one which includes a uniform wage 
tax (subsidy) as well as expenditure switch- 
ing and expenditure changing instruments. 

One should also, however, recognize that 
- the amount of information required by this 
policy is in all probability in excess of that 
which is available to the authorities. The 
rationale for sticky prices and wages would 
appear to be grounded in the concept of 
costly information, and therefore it does not 
seem reasonable to assume that the authori- 
ties have perfect information. In a world of 
costly information, reliance on more con- 
ventional targets of stabilization policy such 
as balance-of-payments equilibrium and full 
employment is probably reasonable. 

The analysis of this paper, therefore, sug- 
gests that in a limited information world, 
tariffs can play a role in stabilization policy. 


This result follows from the fact that in — 


general the second best policy will generate 
a level of production where the marginal 
rate of transformation is unequal to the 


marginal rate of substitution. Hence, even’ 


though a tariff drives a wedge between the 
marginal rate of transformation and the 
marginal rate of substitution, it could gener- 
ate a smaller divergence than other policies. 


APPENDIX 


The following conditions describe general 
market clearing in a fixed exchange rate 
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regime: . 
(A1) CKY, P,/P,, M/P,)—C(W/P,)=0. 


(A2) dM/dt=P_X°(W/P,) 
—PV“(Y, P,/P,,M/P,)=0 
(A3) Lo(W/P,)+Li(W/P,)~—L’=0 


where Y=C*+(P,/P,)X*, P, =eP*, P= 
eP*, P* = P* =] initially, and L’ = L*. 
Qualitative assumptions about partial de- 
rivatives are C/<0, X'<0, C#>0, CZO, 
Ci >0, Vi>0, Ve <0, Vš >0, LÍ 
=(P. / W)C}, and L? =(P,/W)X%. In ad- 
dition, C7+(P,/P,V2<1, C2+(P /P WE 
+)V%=0, and in a movement about the 
product transformation schedule, we con- 
sider only the change in Y attributable to 
the change in P,/P.. Also, 


W/P. 
g=- LP) xi 
EF 
and lee Vs 


Differentiating this system yields the fol- 
lowing matrix equation. 


(A4) āna n inz 


d(W/P.) TE 
d(e/P,) =| vë 
d(M/P.) ™ &3 


where a,,= —C%, ap =X (Cf+n— 1), a= 
Cj, Ay, = P, Xi, ay = —PA(W/e)Xi + 
(P,/P, Wy T (P,/PAX VÝ. da3 = =P I 
az, =(P/WXCi +Xi), az = ~(P./e)X}; 
a,,=0, and where the e, are the partial de- 
rivatives of the respective market-clearing 
conditions with respect to the parameter 
change under investigation. The expression ` 
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for the above determinant, denoted by A, is 
A=P[C$+(P,/P,)V4]|(P./e)CiX} 
-(P,/WXCI+ X3)(X)(CH+9-1)] 
—(P./W)(Ci+ Xi)(1- Cf- (P,/P.)V#) 
x (X°C7) >0 . 

if (C¢é+y—1)>0 


The following conditions determine out- 
put and employment under non-market- 


‘clearing conditions and in the absence of ` 


‘discretionary stabilization policy. 
(A5) C=C4Y, P/P., M/P)ZC(W/P) 
(A6) dM/dt=P_.X°(W/P.) 

-PV (Y, P,/P,, M/P,)=0 
(A7) L=L; (C)+LS(W/P,) <L 


where Y=C+(P,/P,)X*, P, =eP*, P, = 
eP*, JEL". 

Differentiating this system yields the fol- 
lowing matrix equation: 


1-Cf  —(1/P)CË 0 
(A8) | -PV —(P,/P,)VZ 0 
— P./W 0 =l 

dC — £ 

dM |=| —e, 

dL — E 


. The value of the above determinant, de- 
noted by A’, is A =(P /P V$ >0. 

The following conditions describe the 
' targets of balance-of-payments equilibrium 
_ and full employment for government stabili- 
zation policy. 


(A9) | 
P.X*(W/P,)—PVY, P,/ Po» M/P,)=0 


A= (1/W)(X*) | (CF 
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(A10) Le(C4)+LW/P,)—L,=0 


where: Y=C+(P | P)X*, P 
eP*, DEL". 

For the policy of exchange rate adjust- 
ment and monetary policy, the relevant ma- 
trix equation is 


I E a 


(A11) 
X (+n (P /PAVE) — —(P,/P.)VF 
(1/W)x*(E+n+Cf-1) (1/W)C? 





de} | —& 

dM —~ E> 
The determinant of this matrix, denoted by 
A”, is 


a= FLORE +n) +EH- D(P,/P YS 


>0 if (ż+n-—1)>0 
For the policy of exchange rate adjust- 


ment and tariff (subsidy) the relevant matrix 
equation is 


an [a allal] 


‘where ay, = XE +n- (P,/P,)V¥2), ap = 


X° (n= (P/P; Wi-1), ap =(1/W)X (E+n 
+Cf/-1), an=(1/W)X*(n+ C#—1). The 
determinant of this matrix, denoted by A”, 
1S 


+(P,/P.)Vi) 


+(Cf+n-1)]>0, if (C#+q-1)>0 


_ A. Change in Pt 


Differentiating equations (A1)-(A3) with 
respect to P*, substituting into equation — 
(A4), and solving yields the changes in 
W/P-, e/P,, and M/P, necessary to pre- 
serve general market clearing in the face of 
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a change in the world price of exports. 


d(W/P,) 1 


ape oy AXO IX) 


(Ci+(P,/P,)VZ)|20 as ql, 


d(e/P.) _ 
dP* 


—e 
P 


€ 





- [CEP /WXCE+ XX) 


(n—1)(C¥+(P,/P,)VZ) | <0 


d(M/P,) 
dP* 7 


Z [(Pe/W(1-CH-(P,/P VE) 


(X*)(n—1)(C§+X3)]Z0  asnZı 

Differentiating equations (A5)—(A7) with 
respect to P*, substituting into equation 
(A8), and solving yields the changes in C 
and L generated by a change in the world 
price of exports under the assumption of a 
constant home-good price and nominal wage 
rate. 


aC (XASAD a 
dP OPS 


dL 
dP* 


(ex*/W)| £(C4+(P,/P,) V4) +8) | 


>0 
(P,/P.)V¥ 

Differentiating equations (A9) and (A10) 
with respect to P*, substituting into equa- 
tion (A11), and solving yields the changes in 
e and M necessary to preserve balance-of- 
payments equilibrium and full employment 
in the face of a change in the world price of 
exports with a constant home-good price 
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and nominal wage rate. 


ae 
dP* 


SWIA 


ar LECH + (P,/ PVE + CF] <0 


dM _ (e/W)(xX*y 
dP* A” 


[(n-1)(1-C?-(2,/B,)VZ]20 as y21 


Differentiating equations (A9) and (A10) 
with respect to P*, substituting into equa- 
tion (A12), and solving yields the changes in 
e and ź necessary to preserve balance-of- 
payments equilibrium and full employment 
in the face of a change in the world price of 
exports with a constant home-good price 
and nominal wage rate. 


>: 
dP* 


WEY (es 0f)(CH4(P,/P_IVE) 


-+(C#4+n—1)(1—Cé-(2,/P,) V2) ] <0, 
if (C/+n—1)>0 


spe = EL -n(c 


= 
as n= 1 


Comparing the change in the exchange 
rate in the two policy mixes yields 














de 2 de 
dP* | dP* oe 
dif=a0 dim 


(n—1)[ CA P,/P.) V2 + (n 1)(C#1-C#) 


+mi((P,/P.)VZ)|>0  ifn>1 
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B. Change in P* 


Differentiating equations (A1)—(A3) with 
respect to P*, substituting into equation (A4) 
and solving yields 





d(W/P,.) 1;_.. : 
aps =F |PX- DXF) 
x (C#+(P,/P,)V2)] 
= — pee Z0 asni. 
aee. 1 x [(Pe/W)X* n- INL Ci+X}) 
(f+, /P,)V2)|20 asnzl 
d(M/P.) = Leren a-ct 


dP 
-(P,/P Vi) X(n- 1I)(Ci+X7) | 


d(M/P.) 
aR -— apr O as = Zj 
Differentiating equations (A5)—(A7) with 
respect to P*,. substituting into equation 
(A8), and solving yields 


dc _ X(n-I( E+ (P/F) =o 
dP; | l PVS : 





as n= 1 


aL _ (e/W)X*(q—-1(Ch+(P/P.)VS) 
apy (P/P AVS 


=0 | as n=l 


Differentiating equations (A9) and (A10) 


with respect to P*, substituting into equa- 
tion (A11) and solving yields 
—£e/ WX? 
7 Ae: 
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LO a\(Gi+ (Po/PVE) 120. as 721 
_ (eWay 
= A” 
[-n)(\-cf-(P,/P,)V#)]Z0 asn! 


Differentiating equations (A9) and (A10) 


. with respect to P*, substituting into equa- 


tion (A12) and solving yields 
de _(e/WXXY 


dP* A7 
-[Q—a)(cZ+(P,/P,)VZ)]20  asnžı 

dt _ (1/W)(xX*y 

dp*.— Ae 
[G-a\(1-c#-(P,/P.)¥#) 20 

| as n= | 


_ REF ERENCES 


Martin J. Bailey, National Income ini i 
Price Level; A Study in Macro-Economic 
Theory, New York 1962. | , 

Robert J. Barro, “A Theory of Moanopolistic 
Price Adjustment,” Rev. Econ. Stud., Jan. 
1972, 39, 17—26. 

and Herschel I. Grossman, “A General 
Disequilibrium Model of Income and 
Employment,” Amer. Econ. Rev., Mar. 
1971, 61, 82—93. 

and , Money, Employment and 
Inflation, New York 1976. 

J. Bhagwati and V. K. Ramaswami, “Domestic 
Distortions, Tariffs and the Theory of 
Optimum Subsidy,” J. Polit. Econ., Feb. 
1963, 71, 44-50. 

R. Boyer, “Commercial Policy Under Alter- 
native Exchange Rate Regimes,” Can. J 
Econ., May 1977, 10, 218-32. 

H. I. Gion and R. F. Lucas, “The Macro- 
Economic Effects of Productive Public 
Expenditures,” Manchester Sch. Econ. Soc. 
Stud., June 1974, 42, 162-70. 





VOL. 70 NO. 4 


H. G. Johnson, “Optimal Trade Intervention 
in the Presence of Domestic Distortion,” 
in Richard E. Caves et al., eds., Trade, 
Growth and the Balance of Payments, 
Chicago 1965, 3-34. 

Murray C. Kemp, The Pure Theory of Interna- 
tional Trade, Englewood Cliffs 1964. 

A. O. Krueger, “The Role of Home Goods 
and Money in Exchange Rate Adjust- 
ments,” in Willy Sellekaerts, ed., Interna- 
tional Trade and Finance: Essays in.Honour 
of Jan Tinbergen, White Plains 1974. 

S. Laursen and L. Metzler, “Flexible Exchange 
Rates and the Theory of Employment,” 


LUCAS: TARIFFS AND NONTRADED GOODS 625 


Rev. Econ. Statist., Nov. 1950, 32, 281-99. 
R. F. Lucas, “Monetary Union: An Alterna- 
‘tive to Free Exchange Rates,” unpub- 
lished doctoral dissertation, Brown Univ. 
1975. ` 

Robert A. Mundell, Monetary Theory: Infla- 
tion, Interest and Growth in the World 
Economy, Pacific Palisades 1971. 

M. Mussa, “A Monetary Approach to Bal- 
ance of Payments Analysis,”. J. Money, 
Credit, Banking, Aug. 1974, 6, 333-51. 

J. Stein, “The Optimal Foreign Exchange 
Market,” Amer. Econ. Rev., June 1963, 53, 
384—402. 


Unemployment, the Allocation of Labor, 
and Optimal Government Intervention 


By DONALD O. PARSONS* 


The rate of dispersion of laid-off workers 
into other jobs in the economy is obviously 
an important characteristic of the labor 
market. Labor economists have examined 
one dimension of this phenomenon at con- 
siderable length, namely the effect of unem- 
ployment compensation on the intensity of 
worker search and on the duration of unem- 
ployment.' In this paper I explore a dif- 
ferent dimension of the same process, the 
effects of industry and economy-wide 
unemployment rates on the speed of disper- 
sion of unemployed workers into other sec- 
tors of the economy. 

The rate of mtemsctorl labor move- 
ments has particularly concerned interna- 


tional trade policymakers and theorists. If . 


intersectoral wage adjustments are slow 
(perhaps due to contracting costs),* the 


*Professor of economics and research associate, 
Center for Human Resource Research, Ohio State Uni- 
versity. Support for this project was provided by the 
Bureau of International Labor Affairs, U.S. Depart- 
ment of Labor, and by the Ohio State University Com- 
_ puter Center. Discussions with Harry Grubert and Ed- 
ward Ray at a preliminary stage were valuable. The 
comments of Frank Brechling, Harry Gilman, Howard 
Marvel, and members of workshops at the U.S. Depart- 
ment of Labor and Ohio State University on an earlier 
draft of this paper are gratefully acknowledged. Thomas 
Plewes, Bureau of Labor Statistics, kindly provided 
unpublished data upon which much of this analysis is 
based. Stephen Cook provided excellent research assis- 
tance, 

1For some recent empirical evidence on the duration 
of unemployment, see Hirschel Kasper; Hyman Kaitz; 
George Perry; Arlene Holen and Stanley Horowitz; 
Ronald Schmidt; William Barnes; John Barron; Ronald 
Ehrenberg and Ronald Oaxaca. Theoretical aspects of 
the impact of the unemployment insurance system are 
considered in Martin Feldstein (1975, 1976), Frank 
Brechling, and Martin Baily (1974b, 1975). 

2Arguments for the optimality of wage inflexibility 
in a world of implicit contracts and worker risk aver- 
sion have been made by a number of economists. 
Insurance-motivated workers may effectively demand 
wage stability even though the short-run allocative 
function of wage rates is hindered. See particularly 


market-determined rate of unemployment 
may not be o optimal following a shift in 
terms of trade,” and the subsequent wealth 
redistribution within the economy may be 
unnecessarily large.* Harry Johnson and 
Stephen Magee demonstrate that, in the 
polar case in which factors are completely 
immobile (and again wages unresponsive), a 
shift in the terms of trade will generate 
unemployment in the declining sector with 
no offsetting gain in production elsewhere 
in the economy. Government intervention, 
if costless, may then be justified to restore 
full employment, perhaps through wage sub- 
sidies to firms in the contracting industries.’ 

Lapan argues that government interven- 
tion through a variable employment subsidy 
may be justified to achieve an optimal bal- 
ance of short-run unemployment costs and 


‘long-term allocative gains, even if factors 
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are not immobile. The rate of transfer of 


Costas Azariadis; Donald Gordon; Baily (1974a); 
Herschel Grossman. See also Stephen McCafferty for 
an interesting uncertainty argument of a different sort 
which may explain why wage rates are not used as an 
allocative mechanism. In the case at hand, however, it 
is transparent that recontracting could make both par- 
ties better off if recontracting were costless. 
3Unemployment may be generated (even if wages 
ate completely flexible) if information on alternatives is 
incomplete. See the contribution in Edmund Phelps’ 
volume, particularly the contribution by Armen Al- 


-chian, for an extensive discussion of voluntary unem- 


ployed search in response to wage reductions. 

*This concern underlies the trade adjustment assis- 
tance program of the 1974 Trade Act. 

5John Harris and Michael Todaro and Harvey 
Lapan discuss alternative policy choices at length. Ob- 
viously the subsidy mechanism raises the issue of how 
the subsidy is financed since most methods of govern- 
ment finance induce economic distortions. Assume here 
that the subsidies are funded by a per capita tax to 
which fertility and mortality are insensitive. Alterna- 
tively the government can be viewed as mediating 
(costlessly) the recontracting between worker and firm, 
in which case the subsidy would be financed by a tax 
on workers in the declining sector. 
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unemployed workers to other sectors of the 
economy and especially the sensitivity of the 
transfer rate to unemployment levels play a 
central role in Lapan’s analysis. 

Government intervention to alter the tim- 
ing of the release of excess workers and 
therefore the timing of unemployment in a 
contracting industry may in fact be optimal 
in two circumstances, each of which de- 
pends ultimately on the structure of the 
labor transfer function. If increases in un- 
employment among experienced workers in 
an industry lead to congestion in local labor 
markets and a lower absorption rate (the 
Lapan model), spreading the release of 
workers from that industry over a period of 
time may be productive. Moreover, if high 
levels of unemployment throughout the 
economy slow absorption of the unem- 
ployed workers, postponement of the release 
of workers until labor market conditions 
improve may also be optimal. 

In Section I below, I develop the optimal 
intervention arguments of the preceding 
paragraph more formally. Several critical 
parameters of the transfer function are iden- 
tified in that analysis. In Section II, the 
parameters of the transfer function are 
estimated using monthly unpublished expe- 
rienced-worker unemployment data from the 
Bureau of Labor Statistics (BLS) as well as 
employee turnover data from published 
sources over the period 1968-76. The em- 
pirical analysis suggests that cyclical 
smoothing may be optimal, but that phasing 
the release of workers to avoid congestion in 
local labor markets apparently is not. 


I. An Optimal Intervention Model 
A. The Congestion Model 


The analysis below of optimal labor 
transfers owes much to the excellent work of 
Lapan. The congestion cost model, however, 
is comparable in structure to models of opti- 
mal firm investment in physical assets and 
can be conceptualized in that light.® If units 


N reasonably elementary review of the adjustment 
cost literature can be found in Brechling. The model 
discussed below is most closely related to the internal 
adjustment costs models; see Arthur Treadway. 
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of investment become more expensive to 
acquire and install as the volume of invest- 
ment rises in any time interval, the profit- 
maximizing firm will spread profitable in- 
vestment purchases out over time. Similarly 
in the labor market model, if unemployed 
workers face increasing difficulty in obtain- 
ing alternative jobs as the number of unem- 
ployed workers in the industry rises, an 
omniscient and costless government planner 
will find it optimal to slow the release of 
workers into the unemployment pool from 
the contracting industry. 

To be more concrete, consider the follow- 
ing model. Industry x is a small, competitive 
industry in the economy, initially in equi- 
librium. Workers are employed in industry 
x, label them N,, to the point at which value 
of marginal product is equal to the income 
paid workers, which in turn is equal to the 
value of marginal product of workers in the 
economy, or 


(1) PF’(N,)=I=v 


where P=product price of x 
F=production function 
=income of workers 
o=value of marginal product in the 
economy as a whole. 
The total experienced worker labor force in 
x(L,.) is the sum of employed and unem- 
ployed workers (U), so 


(2) L.=N,+U 
and the unemployment rate (u) is defined as 
(3 ) ( 4S U/ Ly 


Initially, of course, u=0 since the industry 
is in equilibrium and no transfers between 
firms are required. 

Imagine, however, a sudden drop in the 
price of product x, say the result of an 
increase in imports of x. If wage rates are 
not flexible, the profit-maximizing firm will 
adjust by laying off workers until the equal- 
ity of value of marginal product and worker 
income is again reestablished. The displaced 
workers will presumably find work in other 
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sectors of the economy, including the export 
sector, after some period of unemployment. 

To the optimal planner, the precise struc- 
ture of the labor transfer function is crucial. 
The transfer function can be represented as 


(4) dL /dt=—dL,/dt=o(u)U 


where $(u) represents the rate of flow of 
unemployed workers into other sectors of 
the economy. If ¢’=0, the rate of flow is 
independent of the unemployment rate 
among experienced workers in the industry, 
in which case 


(5) dL /dt=aU 


where a is a constant and 0O<a< 1. If ¢’<0, 
then congestion is a problem in that greater 
numbers of unemployed decrease the rate at 
which an unemployed individual is ab- 
sorbed elsewhere in the economy. 

The planning objective assumed here is 
the maximization of the total discounted 
value of product in the economy, or 


(6) f O (oL+ PF(N,)}e7"dt 


subject to the transfer function, equation 
(4), where r is the rate of discount. Lapan 
formally proves that in the finite horizon 
case an optimal path for unemployment will 
deviate from the market solution whenever 
$ <0. Some unemployment will be fore- 
stalled completely and the remainder phased 
over time to reduce congestion problems. 

Lapan failed to appreciate, however, the 
crucial difference in the infinite horizon case 
between an economy in which ¢’=0 and 
one in which ¢’ <0. Intuitively it should be 
clear that if the transfer rate is independent 
of the size of the transfer (¢’ =), nothing is 
saved by slow adjustment and therefore full 
adjustment is optimal instantaneously. 

The problem can be conveniently posed 


as a calculus of variations problem in which ` 


equation (6) is maximized subject to the 
transfer constraint dL/dt=aU. Recalling 


that 
1 /dL 
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where L-;=L+L,, the total labor in the 
economy, the Euler condition for an ex- 
tremal becomes 

r >, P_| db lL 
(8) o-[1+2]PR= P| hon | 


A solution to this second-order differential 
equation is 


(9) L(t)=L(0)+ U(O)[1-e"*] 


The optimal employment at time t outside 
industry x is the sum of initial employment 
in that sector and the cumulative flow of 
unemployed workers from x. The latter is 
simply the integral from time 0 to time t of 
the instantaneous rate of transfer of unem- 
ployed workers (a) times the exponentially 
declining (at rate a) stock of unemployment 
remaining from an initial pulse of unem- 
ployment U(0). . 
The magnitude of the optimal one-time 
adjustment in employment in x and the 
corresponding initial pulse in unemploy- 
ment is determined by the relationship: 


— PF’ 
(10) PF; =a POTE) 


The layoff of workers in x instantaneously 
following a decline in the price of x will 
optimally cease when the value of produce 
foregone by laying off an additional worker 
is equal to the probability the unemployed 
worker will obtain employment in other sec- 
tors of the economy (a) times the capital- 
ized productivity gain of such a reallocation. 
The marginal products of labor in the two 
sectors will not be equal in the long run 
since the model incorporates real transfer 
costs, namely the opportunity cost of unem- 
ployed workers. 

If o’ <0, the infinite horizon solution is as 
discussed by Lapan to spread the release of 
workers over time to reduce congestion costs. 
Wage subsidies to industry x should decline 
monotonically over time. These findings 
should not be surprising to anyone familiar 
with the optimal investment literature. In 
such models, profitable investments should 
be phased over time only if adjustment costs 
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increase at an increasing rate with the 
volume of investment. The curvature of the 
labor transfer function thus becomes an im- 
portant policy parameter. 


B. The Cyclical Model 


The essence of the congestion model is 
that the release of excess workers should be 
phased over time so that unemployment is 
reallocated from periods of low-transfer 
rates to periods of high-transfer rates. Not 
surprisingly, similar reasoning suggests that 
it may be productive to time the release of 
excess workers for periods of cyclically high 
demand if transfer rates are high in such 
periods. This motivation exists even if the 
transfer rate with respect to industry unem- 
ployment is independent of the level of in- 
dustry unemployment, i.e ¢’=0. This 
assertion will be formally proved in this 
section. . i 

Perhaps the simplest way to capture for- 
mally the notion of cyclical variation in the 
transfer parameter is to assume that 


dL 
(11) dt =al/ 


where a is a constant. Also assume that 
following a brief interval of time, At, the 
transfer parameter is expected to rise from 
Q to a, and remain at a, forever. Such a 
model is obviously not strictly cyclical, al- 
though the results should approach those of 
a more complete cyclical model as the dis- 
count rate rises and/or the period of the 
cycle lengthens. 

How will this time shift in the transfer 
parameter affect the optimal decision rule in 
the initial interval? After the period At, the 
optimizing planner will choose the time path 
for labor transfers developed above. Workers 
in excess of the number needed to bring the 
marginal costs and marginal returns of fur- 
ther transfers into equality, equation (10), 
will be instantly released and then absorbed 
at the rate a, into other sectors of the econ- 
omy. The optimizing decision then reduces 
to the choice of the unemployment level 
during At, and therefore to the labor force 
level at the beginning of the a, period. Pre- 
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sumably more workers will be carried over 
(the initial period unemployment will be 
less) than would be the case were the trans- 
fer parameter in the initial period a,. One 
would expect, and indeed it is the case, that 
unemployment will be less than if the trans- 
fer parameter were a, throughout since the 
value of waiting is now positive. Transfers . 
postponed will require less unemployment 
and foregone product for a given quantity 
of transfer. 

The problem is to find the level of ini- 
tial period unemployment (U) which will 
achieve the maximum level of the dis- 
counted total product (V) of the workers 
initially employed in industry x. For con- 
venience, define the discounted value of 
product to be that at the end of the initial 
period. Then, 


(12) V=(1 +rAt)| PF(L,(0)—U)At] 


+ f PF(L,(0)—Uj(a))e"'dt 
0 
+0 f n a UAt dt 
0 


tof Ula )—aUAt|(1—e7*)e "tdt 
f o1 0 


or the sum of the value of product in the x 
industry in the initial and second periods, 
and the increment to the value of output in 
the rest of the economy. The term Ugla) 
represents the volume of workers who would 
be released immediately were a, the transfer 
rate value throughout. (See equation (10).) 

Setting the derivative of V with respect to 
U equal to zero generates the necessary con- 
dition for a maximum, namely 


Pic Os 
(13) i a a 0 


Taking the limit as At->0 and rearranging 
terms yields the decision rule for unemploy- 
ment in the initial period, 


7 — a 7 
(14) PF =o 0- SPF) / 
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A comparison of this rule when a, >a, with 
that which would hold if a,=a, demon- 
strates that less workers should be released 
than would be the case were a, maintained 
throughout. The optimizing government will 
respond to the higher transfer-rate potential 
in cyclical boom periods, assuming of course 
that a does rise in such periods, by postpon- 
ing the release of excess workers until such 
periods, at least to some extent. Whether 
transfer rates do vary procyclically is, of 
course, an empirical question. 

The preceding analysis could be under- 
taken in the alternative situation in which 
the economy is predicted to move from a 
high level of labor demand to a low level. In 
such a case, the government planner may 
wish to encourage immediate unemploy- 
ment through some employment tax policy. 
The extent of such a policy will depend in 
part on the nature of rehire possibilities and 
will not be pursued at this time. 


II. Determinants of the Rate of Transfer: 
An Empirical Analysis 


The theoretical analysis of the preceding 
section suggests that optimal-unemployment- 
motivated transfers will depend on the 
shape of the labor transfer function. Are 
unemployed workers absorbed at a slower 
rate if the volume of industry unemploy- 
ment is higher? If the economy-wide unem- 
ployment rate is higher? The former process 
would argue for smoothing the release of 
“excess” workers over time. The latter would 
indicate that the release of such workers 
may be optimally postponed until cyclical 
peak periods. In this section, I report on 
estimates of the parameters of the transfer 
function obtained from aggregate and dis- 
aggregate manufacturing industry data 
monthly over the period January 1968 to 
January 1976. 

The essence of the approach is to obtain 
estimates of the factors which affect the rate 
of retention in unemployment status of un- 
employed job losers who are not recalled to 
their jobs. The BLS publishes monthly data 
on job turnovers by industry. In particular, 
the BLS reports on the extent of layoffs, 
defined as “employer initiated terminations 
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without prejudice to the worker” and re- 
ports on total accessions and new hires, the 
latter defined as the addition of workers not 
previously employed in the firm. The dif- 
ference between these two accession figures 
yields a measure of rehires or recalls. The 
BLS also collects, but does not publish, 
monthly unemployment stock measures by 
cause for aggregate manufacturing and for 
selected 2-digit manufacturing industries. 
From these it 1s possible to obtain monthly 
measures of unemployment among job 
losers. 

The stock and flow measures together 
provide a method of obtaining estimates of 
retention rates in unemployment among job 
losers if they are not recalled. One minus 
the fractional retention rate can be inter- 
preted as the transfer rate of job losers in 
the industry to other firms. If the retention 
rate is a constant, it can be identified by the 
coefficient y, of the following difference 
equation, 


where UR=unemployment rate among job 
losers 

L= layoff. rate 

R=recall rate 

e==random error term 
Any reduction in the number of unem- 
ployed job losers not accounted for by net 
inflows (layoffs minus recalls) to unemploy- 
ment are assumed to be absorbed elsewhere 
in the economy.’ The rate of transfer among 
unemployed job losers is then (1 —y,). 

The discussion of the previous section in- 
dicates the importance of determining 
whether the retention rate is constant over 
varying economic conditions. The model 
estimated below has the form 


(16) UR=y)+7,UR(—1):-RET+L—R+e 


‘7Qne possible transfer (into the household) has dif- 
ferent potential policy implications than other trans- 
fers. In the empirical work below it is, unfortunately, 
impossible to distinguish between those who leave un- 
employment because they find other jobs and those 
who disappear from unemployment because they leave 
the labor force. 
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where RET=the retention rate function. 
The retention rate is potentially a function 
of the unemployment rate in the industry 
(the congestion effect), the unemployment 
rate in the rest of the economy, and perhaps 
the probability of future recall. Feldstein 
(1975, 1976) in particular has discussed the 
importance of recall in affecting job search 
intensity. See also my paper. A linear reten- 
tion rate model then would be 


(17) RET=B,+B,UR(—-1) 


+ B,URE + B;RPROB 


where URE=unemployment rate in the re- 
mainder of the economy and RPROB= 


recall probability. For the congestion argu- - 


ment for government intervention to hold, 
presumably £,>0; for the cyclical smooth- 
ing, argument, 8, >0. 

Since the BLS turnover data suffer from a 
well-known problem of scale, the assump- 
tion that the coefficients of layoffs and 
rehires should be one and minus one, re- 
spectively, in equation (16) seems unwar- 
ranted. This problem precludes the simple 
calculation of RET from equation (16) which 
would then be the dependent variable in 
equation (17). Instead the RET expression 
in equation (17) was substituted into equa- 
tion (16) and the elaborated version of (17) 
was then estimated. 

The estimation technique employed is 
ordinary least squares. Experimentation on 
the aggregated industry data with Cochrane- 
Orcutt techniques of adjusting for first-order 
autocorrelation provided little evidence of 
first-order autocorrelation and only minor 
variations in coefficient estimates. The Dur- 
bin-Watson statistics reported below, al- 
though biased toward acceptance of the null 
hypothesis of no autocorrelation, are ap- 
parently useful approximations.? 

The results of the estimation of the job- 
loser unemployment rate equations for 


In particular, the summation of net employment 
turnovers when added to initial stocks of the employ- 
ment systematically underestimates directly measured 
employment stocks. 

*See Jack Johnston (pp. 311-12). 
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manufacturing and durable and nondura- 
ble manufacturing are reported in Table 1. 
In the first row of Table 1, the simple auto- 
regressive model of the job-loser unemploy- 
ment rate is reported for manufacturing. 
The coefficient on the lagged value of the 
unemployment rate indicates that 89 per- 
cent of such unemployed remain unem- 
ployed over a one-month interval if they are 
not recalled. The remaining 11 percent are 
absorbed elsewhere in the economy. The 
estimates for durable goods industries and 
nondurable goods industries, reported in the 
fourth and seventh rows, respectively, are 
virtually identical. . 

The congestion model assumes that 
the retention rate rises with higher levels of 
industry unemployment. Inclusion of a 
squared lagged unemployment rate term 
provides no support for this proposition. 
The regression model with the squared term 
included is reported for manufacturing in 
the second row of Table 1, for durable 
manufacturing in the fifth row, and for non- 
durables in the eighth row. Only for durable 
goods is the squared term coefficient posi- 
tive and in no case is it significant. 

The full model is estimated in the third 
row for manufacturing. Both the economy- 
wide unemployment rate and the proba- 
bility of recall increase retention in unem- 
ployment status with statistically significant 
estimates. The probability of recall is mea- 
sured as the ratio of unemployed job losers 
on layoff to all unemployed job losers. Job 
losers who report themselves on layoff are 
presumed to have higher recall likelihood 
than “other job losers,” for example, those 
resulting from permanent plant closing, etc. 

The unemployment and recall probability 
effects are absolutely large as well as statisti- 
cally significant. A rise in the economy-wide 
unemployment from .04 to .08 will increase 
the monthly retention rate among unem- 
ployed job losers by 7.7 percentage points. 
Given an average transfer rate of 10 per- 
cent, this is obviously a variation of consid- 
erable consequence which may justify wage 
subsidies to contracting industries during 
cyclical contradictions. 

The effect of recall probability on the 
retention rate is also large. A one percentage 


632 


THE AMERICAN ECONOMIC REVIEW 


(Monthly 1968-76) 


SEPTEMBER 1980 


TABLE 1— UNEMPLOYMENT REGRESSIONS, AGGREGATE U.S. MANUFACTURING INDUSTRIES 


UR(—1) UR(—1) 
Constant UR(—1)* [UR(—1)]? -URE -RPROB® Layoff?  Rehire® R? Dw! 
All Manufacturing 

— 0.0055 0.888 0.947 —0.254 0.978 2.01 
(3.48) (37.86) (14.14) (1.64) 

— 0.0060 ` 0.908 ~0.185 0.946 —0.243 0.978 2.01 
(2.76) (14.31) (0.34) 14.02) (1.53) l 

— 0.0056 0.721 — 2.425 1.924 0.499 0.779 ~0.215 0.980 1.95 
(2.61) (7.26) (2.22) (2.12) (2.12) (7.29) (1.37) 

Durable Manufacturing 

— 0.0044 0.890 0.948 —0.297 0.978 2.06 
(2.79) (34.09) (13.76) (1.75) 

— 0.0034 0.848 0.0367 0.953 —0.314 0.978 2.08- 
(1.62) (12.93) (0.69) (13.72) (1.82) 

— 0.0043 0.675 — 2,260 2.954 0.360 0.840 —0.207 0.980 2.00 
(2.09) (7.96) (2.10) (2.91) (1.77) | (8.12) (1.21) 

; Nondurable Manufacturing : 

— 0.0076 0.880 0.933 —0.123 0.957 2.24 
(3.20) (30.85) (10.38) (0.67) 

— 0.0100 0.967 — 0.88] 0.940 —0.073 0.957 2.26 
(2.97) (10.70) (1.02) ; (10.43) (0.38) 

—0.0081 0.716 —~3.12 1.968 0.587 0.769 —-0.095 0.960 2.19 
(2.24) (4.62) (2.41) (1.49) (2.42) (6.80) (0.50) 


Sources: BLS Employment and Earnings data tape (see BLS, 1972), various issues of Employment and Earnings, and 


unpublished BLS data. 


Note: Dependent variable is the experienced worker unemployment rate (unemployment end of month divided 
by the sum of unemployment end of month and employment midmonth) among job losers. Absolute values of the 
t-ratios are in parentheses. The data cover ninety-seven months, January 1968 to January 1976. 


® The dependent variable, lagged once. 


>The economy-wide unemployment rate excluding employment and unemployment in the industry being 


modelled. 


°A proxy for recall probability, namely the ratio of job losers on layoff to all unemployed job losers. 


- dThe ratio of BLS layoffs to total employment. 


©The ratio of recalls (BLS accessions minus new hires) to total employment. 
fThe Durbin-Watson is biased toward acceptance of the null hypothesis in the presence of lagged endogenous 
variables although it may provide a reasonably good indicator even in this case. See fn. 9. 


point increase in the recall probability in- 
creases the retention rate by one-half point. 
The expectation of recall apparently pro- 
vides a powerful incentive for workers to 
inventory themselves in unemployment. 

. The coefficient on the squared UR(— 1) 
coefficient is negative and statistically sig- 
nificant, however, suggesting that the re- 
tention rate drops as the industry’s stock of 
unemployed job losers rise. This finding is 
somewhat puzzling, given the intuitive plau- 
sibility of the congestion model. The power- 
ful effect of recall likelihood may partially 
explain this finding. As the stock of unem- 
ployed expands, the likelihood of timely re- 
call no doubt drops, even holding constant 


the permanence of the job loss, thus induc- 
ing workers to accept jobs elsewhere that 
they otherwise might forego. Barron finds 
some evidence that unemployed workers re- 
duce their wage expectations when unem- 
ployment levels are high. 

The coefficient estimates on the layoff 
and rehire variables are of the expected signs 
but implausibly low for rehires. This may 
reflect simultaneity bias in the estimate since 
rehires will be low in periods when the stock 
of unemployed workers is low. The stock of 
unemployed workers constrains the extent 
of rehire. Reestimation of the full model 
constraining the coefficients on layoffs and 
rehires to be 0.8 and —0.8, respectively, did 
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TABLE 2— UNEMPLOYMENT REGRESSIONS, DISAGGREGATED MANUFACTURING INDUSTRIES 
(Monthly 1968-76) 
UR(~1) UR(—1) 
Industry Constant UR(—1) [UR(—1)]* -URE -RPROB Layoff  Rehire R? DW. 
Durable Goods Industries . 
Primary Metals — .001325 5439 — 1,238 3.639 .05909 8827 05598 .9522 2.36 
(— 52) (3.14) (— 1.06) (3.23) (.33) (9.30) (.26) 
Fabricated — .004849 2184 ~ 5.275 9.505 4002 .7140 6062 .9210 2.13 
Metals (— 1.25) (1.23) (~ 3.38) (4.66) (1.86) (5.42) (1.99) 
Machinery — .00364 .7499 — 3.143 3.291 .1480 .7422 1822 .9205 2.35 
— 1.16) (4.79) (~~ 1.53) (2.31) (.65) (3.50) (0.48) 
Electrical — .0008121 4145-  — 1.362 5.246 -1718 .9587 .08086 .963 2.19 
Equipment (—.26) (2.82) (—1.10 (2.63) (.86) (7.08) (.28) 
Autos 01263 — 8213 — 1.787 9.970 1.508 .6543 ~ 3340 .884 2.03 
(2.44) (—2.99) (~2.78) (5.29) (4.97) (7.34) (-—1.87 
Other Trans- — .01887 .7743 — 2.067 1.209 .2066 1.041 8405 .8739 2.58 
portation (—3.18) (3.62) (— 1.35) (.94) (.94) (5.62) (2.61) 
Equipment 
Other Durable — .005059 .6067 — 3.019 2.619 7671 7115 ~.007464 .9489 1.76 
Goods (— 1.57) (4.92) (~ 2.64) (2.08) 2.73) (5.74) (— .002) 
Nondurable Goods Industries 
Food and Kin- .01056 7919 — 3.844 4.018 3054 2662  —.8100 8471 2.24 
dred Products (1.15) (3.65) (~ 1.68) (2.52) (1.14) (1.90) (—3.31) 
Textiles — 01321 4092 — 2.557 5.552 -07007 1.438 1.089 .9253 2.16 
(—2.45) (1.95) (— 2.64) (2.86) (.33) (8.95) (2.66) 
Apparel .004212 — 03734  — 1.734 6.890 8000 5772 —.01881 .8715 1.81 
(.62) (—.15) (— 1.67) (3.72) (3.58) (4.33) (— .08) 


Notes: Dependent variable is the experienced worker unemployment rate among job losers. The absolute value of 
the f-ratios are in parentheses. For data sources and variable definitions, see Table 1. 


not, however, substantially alter the signs or 
Statistical significance of the retention rate 
variables. 

The estimates of the full model for dura- 
ble and nondurable manufacturing yielded 
results comparable to those for all manufac- 
turing. These are reported in the sixth and 
ninth rows, respectively, of Table 1. The 
robustness of the model under disaggrega- 
tion, however, is most apparent in Table 2, 
in which estimates of the full model are 
reported for selected 2-digit manufacturing 
industries. For each of these industries the 
signs and significance of the retention rate 
variables are the same as in the aggregate 
estimates. As might be expected, the unem- 
ployment rate in the rest of the economy 
has generally a larger magnitude of effect in 
the more narrowly defined industries. The 
quadratic term in lagged unemployment re- 
mains uniformly negative, although not al- 
ways significantly so. 


HI. Conclusion 


This paper has investigated theoretically 
and empirically unemployment-induced la- 
bor transfers among firms. With wage 
rates relatively inflexible, reallocation among 
firms is largely induced by unemployment. 
In Section I, I demonstrated formally that 
at least two reasons may exist for temporary 
government intervention in the labor market 
to alter the time path of firm layoffs in 
industries with declining sales. If higher 
layoff rates result in congestion in local labor 
markets, so that the rate of transfer of 
workers to other firms is reduced, the 
government may optimally choose to spread 
the release of excess workers over time by 
temporarily subsidizing continued employ- 
ment in the adversely affected industry. If 
high levels of unemployment elsewhere in 
the economy reduce the transfer rate of the 
industry’s unemployed workers to other 
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firms, the government may also optimally 
intervene to postpone the release of workers 
until periods of higher general labor de- 
mand.!° 

The rationale for intervention in each case 
rests on the empirical proposition that in- 
dustry and economy-wide unemployment 
affects the transfer rate to other sectors. 
Using monthly unemployment and turnover 
data by industry over the period 1968-77, 
the characteristics of the transfer function 
are estimated. The results indicate no “con- 
gestion” effects of the industry’s own unem- 
ployment level."! If anything, the rate of 
transfer rises with industry unemployment, 
perhaps as the result of the reduced likeli- 
hood of rapid recall to the previous firm. A 
more direct measure of recall probability 
suggests that the recall likelihood effect is 
indeed a powerful factor in the determina- 
tion of the transfer rate of unemployed 
workers. The economy-wide unemployment 
rate did reduce the rate of transfer of unem- 
ployed job losers elsewhere in the economy, 
which would support the notion of cyclical 
shifting of layoffs to periods of high de- 
mand. 


Both of these conjectures ignore any general - 


equilibrium effects of a more or less rapid rate of 
reallocation. As an anonymous referee has pointed out, 
the rate of recovery after a period of low aggregate 
demand may be influenced by the rate of adjustment to 
a new equilibrium and by the extent of unemployment 
during the transition. 

11As an anonymous referee notes, the unemploy- 
ment compensation system already taxes permanent 
. layoffs (which would have an effect equivalent to sub- 
sidizing employment) to the extent the system has at 
least partial experience rating. 
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Fiscal Policies, Inflation, and Capital Formation 


By MARTIN FELDSTEIN* 


The large unprecedented government def- 
icits in recent years have stimulated specula- 
tion about their adverse effects on inflation 
and private capital formation. While it is 
clear that deficits may have no adverse ef- 
fect in an economy with sufficient unem- 
ployed resources, the effects of a deficit 
when there is full employment are less clear. 
Is a persistent increase in the government 
deficit necessarily inflationary? Does it nec- 
essarily reduce private capital formation? Is 
it possible to avoid both adverse effects? A 
primary purpose of this paper is to answer 
these questions in the context of a fully 
employed and growing economy. 

A closely related issue is the relation be- 
tween private saving and capital formation 
when money and other government liabili- 
ties are alternatives to real capital in indi- 
vidual portfolios. John Maynard Keynes, 
Roy Harrod, and James Tobin have all em- 
phasized the possibility of excess saving 
when individuals will not hold capital unless 
its yield exceeds some minimum required 
return. When the return on capital is too 
low, an increase in saving only reduces ag- 
gregate demand. If prices are flexible down- 
ward, this causes deflation until the in- 
creased value of real balances causes a suffi- 
cient reduction in saving; if prices cannot 
fall, the excess saving results in unemploy- 
ment. 

Three ways of. averting such “excess sav- 
ing” have been emphasized in both theory 
and practice. The thrust of the Keynesian 
prescription was to increase the government 
deficit to provide demand for the resources 


*President, National Bureau of Economic Research, 
and professor of economics, Harvard University. This 
paper is part of the NBER Program of Research on 
Capital Formation; a previous version was circulated 
as NBER working paper no. 275 (Aug. 1978). I am 
grateful for financial support from the National Sci- 
ence Foundation and the NBER. The paper presents 
my views and not those of the NBER. 
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that would not otherwise be used for either 
consumption or investment. In this way, ag- 
gregate demand would be maintained by 
substituting public consumption for private 
consumption. A second alternative prescrip- 
tion was to reduce the private saving rate. 
Early Keynesians like Seymour Harris saw 
the new Social Security program as an effec- 
tive way to reduce aggregate saving. The 
third type of policy, developed by Tobin, 
relies on increasing the rate of inflation and 
making money less attractive relative to real 
capital. In Tobin’s analysis, the resulting 
increase in capital intensity offsets the higher 
saving rate and therefore maintains aggre- 
gate demand. 

This paper will examine ways of increas- 
ing capital intensity without raising the rate 
of inflation. The analysis will also show 
why, contrary to Tobin’s conclusion, a 
higher rate of inflation may not succeed in 
increasing investors’ willingness to hold real 
capital. 

An important feature of the analysis in 
this paper is a monetary growth model that 
distinguishes between money and interest- 
bearing government bonds. With this dis- 
tinction, we can compare government def- 
icits financed by borrowing with deficits 
financed by creating money. It is possible 
also to examine the effect of changes in the 
interest rate on government debt while 
maintaining the fact that money is not inter- 
est bearing. The two types of government 
liabilities also permit analyzing the distinc- 
tion between the traditional liquidity prefer- 
ence and a demand for government bonds 
that I shall call safety preference. In prac- 
tice, this safety preference may be much 
more important than the traditional liquid- 
ity preference. 

The first section of the paper develops the 
three-asset monetary growth model that will 
be used in the remaining analysis. Section IT 
then considers the effects of changes in the 
government deficit. The effects of increased 
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saving on aggregate demand and capital in- 
tensity are developed in Section ITI. 


I. A Three-Asset Model of Monetary Growth 


The model developed here differs from 
the traditional monetary growth (see, for 
example, Tobin, and David Levhari and 
Don Patinkin) in two important ways. First, 
instead of the usual assumption that all taxes 
are lump sum levies, the current analysis 
recognizes taxes on capital income that 
lower the net rate of return.! Second, the 
government deficit is financed not only by 
increasing the money supply but also by 
issuing interest-bearing government debt.’ 
Throughout the analysis we maintain the 
simplifying assumption that the savings rate 
out of real disposable income 1s fixed; the 
tax on capital income affects the allocation 
of saving but not the saving rate itself. Be- 
cause the analysis in the sections that follow 
will focus on comparative steady-state dy- 
namics, only these steady-state properties 
will be discussed here.? Note that this as- 
sumption of steady-state dynamics implies 
that all growth rates are constant and there- 
fore that all quantities are correctly an- 
ticipated. 


IMy 1976 paper and my 1978 paper with Jerry 
Green and Eytan Sheshinski show the importance of 
recognizing capital income taxes in analyzing the ef- 
fects of inflation in a monetary growth model. Corpo- 
rate and personal taxes were distinguished there but 
will not be in this paper. 

2Green and Sheshinski examine an economy with 
both bonds and money but assume that such bonds are 
perfect substitutes for private capital in investors’ port- 
folios. Their analysis generally focuses on quite differ- 
ent issues. Tobin and Willem Buiter recently developed 
a three-asset model in which government bonds and 
money are imperfect substitutes for each other as well 
as for real capital. I received a copy of their unpub- 
lished paper only after this paper was submitted for 
publication. Because the tax structure that they assume 
is very different from the taxes described herein, their 
conclusions are frequently different from my own. Ben- 
jamin Friedman (1978) also recently developed a three- 
asset model but used it to analyze quite different ques- 
tions (the short-run effects of monetary and fiscal 
policies in an economy with unemployment and 
fixed prices) from those that are the focus of my own 
research. a 

3Section III will, however, consider the possibility of 
disequilibrium behavior associated with excess saving. 
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The economy is characterized by an exog- 
enously growing population 


(1) N= Noe" 


The labor force is a constant fraction of the 
population and technical progress is sub- 
sumed into population growth. Production 
can be described by an aggregate produc- 
tion function with constant returns to scale. 
The relation between per capita output (y) 
and the per capita capital stock (k) is 


(2) y=f(k) 


with f’ >0 and f” <0. For simplicity, output 
is measured net of depreciation and de- 
preciation is not explicitly included in the 
analysis. 


A. The Government Budget Constraint 


Government spending (G) plus the pay- 
ment of interest on the government debt 
must be financed by either tax receipts, 
money creation, or borrowing. Total real tax 
ceipts (T) are the sum of a lump sum tax 
(T) and the revenue that results from 
taxing the income from real capital at rate | 
T.t The money created by the government 
(M) is the only money in the economy and 
does not bear interest. The time rate of 
change of the stock of nominal money is 
DM; the real value of the extra money 
created in this way is DM/p. Government 
bonds bear interest at rate i; the nominal 
market value of these bonds is B and the 
real value of new borrowing is DB/p.° 

The government’s budget constraint may 
be written 


3 622 ape 
(3) 7 


‘The tax rate r is best thought of as a corporate tax 
rate. The personal tax on real capital income and on 
the interest on government debt is not specially recog- 
nized, 

‘These bonds may be thought of as Treasury bills 
although their maturity is irrelevant for steady-state 
analysis as long as that maturity is finite. I ignore 
changes in the market value: that would temporarily 
result from changes in the interest rate if the maturity 
were not very short. 
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Alternatively, it will be convenient to denote 
_ the real government deficit by A and write 


(4) a= DM , DB 
P P 


In the steady state, the ratio of real mon- 
ey per unit of real capital (M/pK) must 
remain constant. This implies that the rate 
of growth ‘of M is equal to the rate of 
growth of pK, or with Dp/p=7,° 


DM 
(5) y Tn 


Similarly, the steady-state rate of growth of 
nominal government bonds equals the infla- 
tion rate plus the real growth rate of the 
economy: 


DB 
(6) p TER 


Substituting these expressions into (4) and 
dividing by the population gives the steady- 
state per capita deficit: 


A M B 
(7) Nt oN a al er 


With lowercase letters representing real per 
capita values, (7) can be rewritten 


(8) = (m+n)(m+b) 


The real per capita deficit equals the prod- 
uct of the economy’s nominal growth rate 
and the real per capita government liabili- 
ties. 


B. Portfolio Behavior’ 


The real value of household assets is the 
sum of the real values of government liabili- 


“This uses the fact that in te steady state K=K/N 

is constant, implying DK/K= 
7The description of portfolio ‘behavior and saving in 
this model assumes that households as a whole regard 
government bonds as net wealth, implicitly ignoring the 
corresponding tax liabilities that they and future gener- 
ations must bear in order to pay the interest and 
principle on these bonds. The alternative view, based 
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ties and the capital stock:® 
(9) a=b+m+k 


I shall simplify the description of the 
households’ portfolio behavior by assuming 
that the equilibrium ratio of real bonds to 
capital depends on the difference between 
the net real yield on capital (r) and the real 
yield on government bonds (i—7):° 


(10) 2 =Alr+a-i] B’<0 


Because the depreciation method used in 
the United States and in most other coun- 
tries is based on the original costs of plant 
and equipment, the tax liability per unit of 
capital increases with the rate of inflation.!° 
I shall therefore write the net rate of return- 
as 


(11) r=f'—r(f' +A) 


where the parameter A indicates the extent 


- to which a higher inflation rate increases the 


tax liability."' Substituting into (10) yields 
the equilibrium bond portfolio condition: 


(12) 


Z=Al(l-r)f'+(-rA)w-i] <O 


on the so-called “Ricardian equivalence theorem,” de- 


pends on extremely strong and improbable assump- 
tions. To the extent that households do partially reduce 
their perceived value of government bonds because of 
future tax liabilities, the variable B (or b) in household 
portfolios might be scaled down to some fraction of B. 
This need not change any of the qualitative conclusions 
of the current analysis. . 

®The private bonds and equities that represent the 
ownership claims to the capital stock are not explicitly 
recognized. The tax rate r can be regarded as the 
effective tax rate corresponding to the steady-state mix 
of debt and equity finance. See my 1979 paper with 
Green and Sheshinski. 

*Recall that we are ignoring the personal tax on 
investment income. 

See my 1978 paper with Green and Sheshinski, 
especially the appendix by Alan Auerbach, and my 
1977 paper with Lawrence Summers. 

Accelerated depreciation affects r and A but A 
exceeds zero even if, at the equilibrium value of v, tax 
depreciation exceeds economic depreciation. 
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With safe short-term interest-bearing gov- 
ernment debt available, individuals should 
hold money only for transaction purposes. 
As William Baumol and others have shown, 
this demand for money varies positively with 
the level of income and inversely with the 
rate of interest: ! 


(13) T =L(i), L’<0 


An important feature of an economy with 
money or other government liabilities is the 
possibility that individuals will be unwilling 
to hold capital unless its yield is above some 
minimum level. In the traditional two-asset 
Keynesian model, this is represented as a 
liquidity trap, that is, as an infinitely elastic 
demand for money at some low rate of 
interest. A more realistic description is pos- 
sible with the current three-asset model. 
When the real net yield on capital becomes 
very low relative to the real yield on govern- 
ment bonds, investors will want to hold 
government bonds instead of capital; in the 
notation of equation (12), the absolute value 
of 8’ becomes infinite when the real dif- 
ferential becomes very small.!* The reason 
that investors prefer government bonds in 
this situation is that the pretax profitability 
of private capital is uncertain. The bond- 
demand behavior will therefore be referred 
to.as a “safety preference” relation to dis- 
tinguish it from the liquidity preference rela- 
tion that governs the demand for money." 


12 This simplifies by assuming that individuals re- 
gard the interest-bearing government debt rather than 
real capital as an alternative to transaction balances. 
Transaction balances are also assumed to depend on 
income rather than wealth when in reality both are 
important. 

3This unwillingness to own real capital may also 
increase the demand for money, but that effect is likely 
to be small relative to the increased demand for bonds. 

14The private securities are generally as marketable 
as government bonds and, to the extent that they have 
the same maturity structure, their price will be as 
sensitive to interest rate fluctuations. Their liquidity is 
therefore similar even though the safety and predict- 
ability of the yields differ substantially. 
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C. The Supply and Demand for Savings 


The supply of savings (S) is proportional 
to the households’ real disposable income 
(H): 


(14) S=0-H 


The saving propensity will be assumed to be 
constant. Disposable income is equal to na- 
tional income (Y) minus both the govern- 
ment’s tax receipts (T) and the fall in the 
real value of the population’s money and 
government bonds (7M/p and aB/p)."° 
Saving is therefore 


(15) S=o(y-7- = _ 28.) 
P P P 


or, using equation (3), 


(16) 


Since DM/p—nM/p=nM/p (with a similar 
equivalence for bonds), 


(17) Smo(y-G+ "Mt + z2) 
P P 


In the steady state, government spending 
must bear a stable relation to national in- 
come. The analysis that follows assumes that 
a fraction y of national income is devoted to 
government spending exclusive of interest 
on the government debt. This implies that 
any increase in interest on the government 
debt causes a corresponding increase in the 
government deficit or in lump sum taxes. 

All saving must be absorbed in either real 
capital accumulation or additional real 
money and bonds: 


(18) S=DK+D(M/p)+D(B/p) 


'SRecall that this analysis assumes that households 
as a whole regard government bonds as net wealth. 
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The constant ratio of capital to labor in 
Steady-state growth implies DK=nK. Simi- 
larly, the constancy of m=M/pN and b= 
B/pN implies that D(M/p)=nM/p and 
D(B/p)=nB/p. Thus 


(1) a sane 32 
P P 


Combining equations (17) and (19), writ- 
ing yY for G, and dividing by N yields the 
per capita growth equilibrium condition: 


(20) of y(1—y)+nm+nb]=nk+nm+nb 


This completes the presentation of the 
model that will be analyzed in the re- 
mainder of this paper. Although the model 
contains important features that were lack- 
ing in earlier monetary growth models, it is 
still very simple. It would be desirable to 
investigate a richer class of models that in- 
cludes personal taxes on portfolio income, 
that distinguishes households from institu- 
tional investors, that recognizes substitutes 
for business capital other than bonds and 
money, and that separates corporate bonds 
and equity. The reader should bear in mind 
the strong simplifying assumptions that have 
been made, and the fact that the subsequent 
analysis will compare steady-state growth 
patterns with no attention to the transitions. 
Any such short-run or transitional analysis 
raises difficult problems of specifying how 
expectations are formed when the economy 
is not on a steady-state growth path. 


Ii. Deficits, Inflation, and Capital Intensity 


The model developed in Section I can 
now be used to analyze how changes in the 
government deficit affect the rate of infla- 
tion and the capital intensity of the econ- 
omy. Can the government increase the real 
steady-state deficit in this fully employed 
economy without causing either inflation, 
reduced capital intensity, or both? What 
policies can be pursued to mitigate the ad- 
verse effects of the deficit? What happens 
when the policy options of the government 
are restricted? 
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To answer these questions, it is useful to 
collect the four equations that describe the 
steady-state behavior of the economy: 


(21) 8=(x-+n)(m+b) (previously (8)) 
(22) m=L(i)-f(k) (previously (13)) 


(23) b=B[|(1—r)f'(k)+(1—rà)r—i]-k 
(previously (12)) 


(24) o[(1—y)f(k)+nm+nb] 


=n[k+m+b] (previously (20)) 


where f(k) has been substituted for y in (22) 
and (24). The policy instruments controlled 
by the government are the size of the deficit . 
(ô), the share of government spending in 
national income (y), the interest rate on 
government bonds! (i), and the tax rates on 
capital income (r and A). For given values 
of these policy instruments and the exoge- 
nous growth rate (n), the four equations 
determine the values of k, 7, m, and b. 

It is clear from these four equations that 
the government can increase its deficit 
without inducing any changes in inflation or 
capital intensity if it can vary all of the 
other policy instruments (y, i,t, and A). In 
practice, however, the government does not 
alter the share of government spending in 
national income (y) in order to neutralize 
the effect of a deficit.” It is tempting to 
conclude that, even if y is held constant, the 
government can still increase the deficit 
without changing 7 or k because it still has 
three unconstrained instruments. It is easily 
shown, however, that this is not true; an 


16Recall that this would not in general equal the rate 


of return on private capital. This interest rate could 


equivalently be regarded as endogenous if the govern- 
ment is assumed to choose the supply of nominal 
bonds, or the supply of money, or the ratio of these 
two. 

17 This would in particular require reducing the share 
of government spending in national income. To see 
this, note that equation (21) implies dd=(7+7n)d(m+ 
b) if drv=0. Equation (24) implies —kofdy=(1- 
a)nd(m+b) since dk=Q, Combining these two shows 
dy/d8<0. 
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increased deficit must then be accompanied 
by a change in either inflation, capital inten- 
sity, or both. To see this note that (with y 
constant) equation (4) implies that if dk=0 
it 1s also true that d(m+b)=0. Equation 
(21) shows that d(m+b)=0 and dz=0 
together imply d5=0. The deficit must be 
unchanged if both inflation and capital in- 
tensity are unchanged. l 

The government can, however, affect the 
combination of changes in inflation and 
capital intensity that occurs by its debt- 
management policy and its tax policy. Be- 
cause changes in tax policy (in r and À) are 
not a typical government response, most of 
this section will assume that r and À as well 
as y are unchanged. My analysis focuses on 
debt-management policy, that is, on the way 
that the government adjusts the relative 
supply of money and bonds or, equivalently, 
the rate of interest on government debt. 


A. A Deficit Causing Both Increased 
Inflation and Reduced Capital Intensity 


With the type of debt policy that has been 
pursued in the United States, an increase in 
the: steady-state deficit is likely to cause 
both a higher rate of inflation and a reduced 
capital intensity of production. More 
specifically, most empirical research indi- 


cates that the government has issued a mix . 


of money and debt in such a way that the 
real interest rate on government debt re- 
mains approximately unchanged.!8 This sec- 
tion analyzes the consequences of this 
policy; alternative debt policies are ex- 
amined in the subsequent section. To 
analyze the effect of an increased deficit 
with a constant real interest rate on govern- 
ment debt, equations (21)—(24) are totally 
. differentiated subject to the condition di = 
dr. 


l8Evidence that the nominal interest rate rises by 
approximately the rate of inflation was presented by 
Irving Fisher and has been verified by William Yohe 
and Denis Karnovsky, my paper with Otto Eckstein, 
my 1977 paper with Summers, and others. The assump- 
tion in Tobin that di=0 is clearly inconsistent with 
experience when j is interpreted as the yield on govern- 
ment debt rather than the yield on money. 
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The key to the adverse effect of inflation 
on capital intensity is seen in the total 
differential of (23), subject to di=dz: 


(25) db=(B+kB’(1—1)f")dk—kB'tAda 


The partial effect of an increase in inflation 
is to increase the demand for bonds rather 
than capital because the real yield on bonds 
is maintained while the real yield on capital 
falls by rAdz. If this positive effect of infla- 
tion on the demand for bonds is large 
enough to outweigh the negative effect of 
inflation on the demand for money that 1s 
implied by equation (22) with di=dz: 


(26) dm=Lf'dk+fL'da 
the effect of an increased deficit can be 


shown unambiguously to reduce k. To see 
this, note first that (24) implies 


o(1—y)f’—n 
(1 —o)n 


Adding (25) and (26) and then using 27) to 
eliminate d(m+b) yields 


(27) d(m+b)= dk 


(l1—y)f’— 
Oy Sa 
+kB'(1—r)f")dk+( fL — kB’) da 


= dk =(Lf' +B 


Similarly, differentiating equation (21) and 


. using (27) yields 


o(l y)f’- 


(29) dé= E 


" dk+(m+b)dr. 


Using (28) to eliminate dr from (29) yields 


(30) S| =[(—o)n( fe’ —KB’rd)]/ 


[(m+n)(o(1—y)f—n)(fL’—kB 7) 
+ (m+b)(o(1 —y)f'—n—n(l—o) 
x (Lf’+B+kB’(1-7)f"))] 
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With the increased demand for bonds in- 
duced by higher inflation greater than the 
reduced demand for money, fL’~kB’rA > 
0, and the numerator is positive. Note that 
stability of the simpler nonmonetary econ- 
omy requires o(1—y)f’—n < 0; with this 
assumption, the denominator is negative. 
Under these quite plausible conditions, a 
higher deficit reduces capital formation. 
Since (28) implies that dk and dr are of 
opposite signs, the higher deficit also in- 
creases inflation. 


B. A Deficit without Inflation 


The bleak outcome of increased inflation 
and reduced capital intensity is not a neces- 
sary implication of a greater deficit. A 
different debt policy would permit a deficit 
with no inflation. By totally differentiating 
equations (21)- (24) with the constraint that 
daw=0, it is possible to find the change in 
the interest rate and corresponding debt 
policy that permits such a noninflationary 
increase in the deficit: 


(31) d8=(a+n)d(m+b) 
(32) d(m+b)=(fL’—kB)di 

+(LF +B+kB'(1—r)f”)dk 
(33) (o(l—y)f' —n)dk=(1—o)nd(m+b) 


The separate behavior of m and b is irrele- 
vant for determining the change in / that 
is required to keep the inflation rate 
. unchanged. Equation (33) can be sub- 
stituted into (32) to eliminate dk and (31) 
can then be used to eliminate d(m+ b). The 
resulting equation shows that 





G4) S| =[ol-v)s’—n 


-(Lf'+B+kB'(1—r)f")(1-0)n] 
+(m+n)(o(1—y)f’'—n)( fL'— kB) 


The numerator is unambiguously negative 
since 1) o(1—y)f’ ~n <0 was assumed from 
stability considerations, and 2) f’>0, B’<0 
and f”<0 make —(ZL/f’+B+kS'U—7) 
f”’)\A-—o)n<0. The first term of the de- 
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nominator is positive while, as already noted, 
the second term is negative. The final term 
in the denominator is the difference be- 
tween the effect on the demand for mon- 
ey of an increase in the interest rate on 
government debt and its effect on the de- 
mand for the bonds themselves. Since a 
higher value of ij can be expected to increase 
the demand for bonds by more than it re- 
duces the demand for money, this term will 
be taken to be positive. The denominator as 
a whole is therefore negative. Thus, di/ 
dé> 0. 

In short, the interest rate must increase 
when the deficit increases if the inflation 
rate is to remain constant. It is easy to 
understand why this interest rate increase is 
necessary. Equation (31) indicates that a 
stable inflation rate requires that m +b must 
increase with the deficit. This is so because 
a- higher value of m+ permits the larger 
annual increase in the money supply, and/or 
government borrowing that must accom- 
pany an increased deficit to be absorbed 
without a higher proportional rate of growth 
of either money or bonds. To state this same 
point in a slightly different way, the faster 
growth of government liabilities can be 
absorbed without increasing the proportional 
growth rate of either money or bonds if the 
level of money and bonds that is demanded 
(i.e., the denominators of the proportional 
growth rates) is increased. The higher inter- 
est rate makes this possible by increasing 
the demand for bonds by more than it 
decreases the demand for money. 

Note that in practice the required change 
would come about by financing the in- 
creased deficit with a higher ratio of bonds 
to money than had prevailed in the initial 
equilibrium. Achieving this reduction in 
liquidity would require paying a higher rate 
of interest on those bonds. 

It is clear that this policy of a higher 
interest rate and an increased supply of real 
government debt must reduce the capital 
intensity of production. This can be seen 
directly by combining equations (31) and 
(33): 


dk _ (1—o)n 
(35) a lan=0 (n+n)(o(l1—y)f —n) s 
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The cost of avoiding the higher inflation 
rate that would otherwise accompany an 
increased deficit is a lower level of capital 
intensity and a smaller real income. 


C. A Deficit without Reduced 
Capital Intensity 


The crowding out of real capital accumu- 
lation by the government deficit can be 
avoided by allowing inflation to occur. It is 
worth examining how much inflation and 
what change in the interest rate are needed 
to keep capital intensity unchanged. 

Differentiating (24) with dk=0 shows 
immediately that m+b must also remain 
- unchanged. Equation (21) then implies that 
d8=(m+b)dz, i.e that an increase in 
the deficit must increase inflation. With 
d(m+6)=0, equations (22) and (23) 
together imply 


(36) O=(fL’—kB’)di+ (1—rA)kB’ da 


Substituting (m+b)~'dd for da yields the 
change in į required to keep k fixed: 


(37) di 7 (1—TA)kB 
a \x=0 (mtb) fL’—kp’) 
As explained above, the denominator is 
positive in the likely case that a rise in the 
interest rate increases the demand for bonds 
.by more than it decreases the demand for 
money. The value of A would be zero if the 
tax law did not cause inflation to reduce 
the real net return on capital. In that case, 
the numerator is positive and di/dd>0. 
More generally, even when historic cost 
depreciation rules do raise the effective 
tax rate on real profits (A>0), the numer- 
ator will still be positive as long as infla- 
tion raises the nominal after-tax return on 
capital.!° 

The mechanism by which a higher inter- 
est rate permits a constant value of k is clear 
from the derivation. A constant value of k 
implies a constant value of m+ and there- 
fore an increased value of 7. With a con- 


19The nominal after-tax return on capital is (1—r) f’ 
+(1—rA)z. 
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stant value of k, a higher rate of inflation 
would actually decrease b (and therefore 
m+b) unless i is raised to prevent this. 

Comparing equation (37) and (34) shows 
that the increase in i that keeps k unchanged 
is less than the increase in i that keeps 7 
unchanged: 


di 


aco” Zla Ol 


dk=0 








(38) rA 
-(Lf'+B+kB'(1—r)f")(1—0)n(m+b) 
-(m+n)(o(1—y)f —n)(1—rA)kg']/ 
[(m+b)( fL’—kB’)(7+n) 
x (o(1—y)f’-n) > 0] 


The reason for this is clear. Holding k and 
therefore m+b constant implies dr >Q. 
Making dr =0 requires an increase in m+b 
and therefore a higher rate of interest. 


D. A Deficit Financed by 
Interest-Bearing Debt 


A particularly interesting debt policy 
requires that any increase in the deficit be 
financed only by additional borrowing. The 
real growth of the money supply remains ` 
constant. This section looks briefly at the 
effect of such a policy. This specification 
of debt policy implies that the real rate of 
new money creation remains unchanged: 
DM/pN is constant. Since DM/pN= 
m(DM/M)=m(a-+n), this debt policy im- 
plies m(a+n)=c, a constant. The implica- 
tion of this for capital intensity and inflation 
depends on the interest elasticity of the de- 
mand for money. On the simplifying as- 
sumption that the money demand is com- 
pletely inelastic (L’=0), it is easily shown 
that the deficit unambiguously decreases 
capital intensity and increases inflation. 
With m(a+n)=c, 


(39) d8=(a+n)db+bdn 
(40) dm=——da 
m+n 
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Combining m= Lf and m(a+n)=c yields 
(41) (a-+n) f'dk= — fdr 


Thus inflation and capital intensity move in 
opposite directions. The growth equilibrium 
condition of equation (24) implies 
o(1—y)f’—n 
(l-o)n 


Using (40) and (41) to eliminate dm yields 


_{o(l—y)f'—n mf 
(43) i= (Cor f ja 


(42) dk=db+dm 


Equation (39) can thus be rewritten using 
(41) and (43) as 


(44) 
l~y)f’—n _ mf’ _ bf" dk 


dõ=(m+n)] l (Gej cae eat 


This shows that dk/d5<0 and (41) then 
implies that dw/d&>0. Thus even with a 
debt policy that keeps the growth of real 
money balances unchanged, the deficit in- 
creases inflation and reduces capital in- 
tensity. 


HI. Fiscal Incentives, Saving, and 
Aggregate Demand 


The three-asset growth model can be used 
to analyze the effects of an exogenous in- 
crease in the saving rate. The most im- 
portant issue to be examined is the possibil- 
ity of excess saving. Under quite reasonable 
conditions, an increase in the saving rate 
will be absorbed into higher capital intensity 
without any problem for aggregate demand 
. if there is accommodating monetary policy. 
The possibility of excess saving arises when 
investors are unwilling to hold real capital 
‘in their portfolio at a lower rate of return; I 
shall refer to this as a “safety trap” by 
analogy to the traditional Keynesian liquid- 


Such an increase in the saving rate (g) may reflect 
a change in taste or a change in institutions such as 
Social Security that are not explicitly included in the 
model. 
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ity trap. The problem is exacerbated if the 
yield on government bonds also cannot be 
lowered, that is, if the economy is also in a 
liquidity trap. 

The problem of excess saving can mani- 
fest itself in two ways. Under some condi- 
tions, the extra saving could be absorbed in 
additional capital if the steady-state, rate of 
inflation is reduced. If there is no inflation 
in the initial equilibrium, the increased sav- 
ing rate would involve a continuous price 
deflation. While there may be no theoretical _ 
problem with this, as a practical matter the 
downward rigidity of money wages could 
prevent this from occurring. The additional 
saving would not be absorbed but would 
result in unemployment. The problem iseven 
worse when the safety trap and liquidity 
trap conditions both prevail. Under these 
conditions, the extra savings cannot be ab- 
sorbed in increased capital even if the in- 
flation rate could be permanently reduced. 

The problem of excess saving arises only 
if the government restricts its accommodat- 
ing action to monetary policy. This section 
shows how tax incentives, or under some 
conditions an increased deficit, can be used 
to assure that an increase in the saving rate 
results in a greater rate of capital formation. 


A. Increased Saving with 
Accommodating Monetary Policy 


Before studying the problem of excess 
saving, it is useful to examine the nature of 
the well-behaved equilibrium in which addi- - 
tional saving can be absorbed with the help 
of only accommodating monetary policy. 
Let us impose the requirement that the real 
deficit (8), the share of the government in 
national income (y), and the tax rates on 
capital income (7 and y) remain constant. 
The rate of inflation will also be required to 
remain unchanged, thus precluding the 
problem of unattainable price deflation. 

The key change from the analysis of Sec- 
tion II is that the differential of the growth 
equilibrium condition (equation (24)) now 
involves a change in the saving rate: 


(45) [(l-y)f+n(m+b)]do 
+ [o(1—y)f'—n]dk~(1—o)nd(m+b)=0 


VOL. 70 NO. 4 


with a constant deficit (d5=0) and constant 
inflation rate (dmr =0), the government 
budget constraint 


(46). dd=(a+n)d(mt+b)+(mt+b)dz 


implies d(m+b)=0. Together with (45) this 
shows immediately that the higher saving 
rate increases capital intensity ~ 


dk__(l-y)f+n(m+b) _ 
do o(1—y)f'—n a 


The required change in the interest rate can 
then be derived from the money-demand 
relation (equation (22)) and the °bond- 
demand relation (equation (23)). Together 
these imply 


(48) d(m+b)= [Lf +B+kB'(1 —r)f” |dk 


(47) 


+(fL’—kB’)dit+kB’(1—TA)da 
With d(m+b)=d7=0, | 


di Lf’ +B+kB(1—7)f" 
dk fL' —kp’ 


If the effect of a change in the interest rate 
on the demand for bonds exceeds its effect 
on the demand for money, the denominator 
is positive and (di/dk)<0. To achieve this 
reduction in the equilibrium interest rate on 
government debt, the money supply must be 
increased relative to real income and the 
supply of bonds must be reduced relative to 
the capital stock. The precise changes are 
indicated by equations (22) and (23) and 
satisfy d(m+b)=0. 

In short, if investors are willing to accept 
a lower return on capital accompanied by a 
less than equal ‘reduction in the yield on 
government debt, an increase in the saving 
rate can raise capital intensity without any 
change in inflation or other government 
policies.”! 


(49) 


211f the interest rate on government debt cannot be 
reduced, an increase in the rate of inflation could 
achieve the same thing (as long as 1~rA>0). This is 
essentially Tobin’s solution since he assumes di=0. The 
implication of Section IIIA and the remainder of Sec- 
tion III is that Tobin’s inflationary policy is unneces- 
sary and may be counterproductive. 
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B. Safety Preference and Excess Saving 


The basic insight of the Keynesian 
analysis is that, in a monetary economy, 
additional saving will not automatically be 
invested. When the yield on real capital 
becomes too low, individuals will prefer to 
hold government bonds rather than to as- 
sume the greater risk associated with the 
ownership of real capital. More precisely, 
the demand for government bonds becomes 
infinitely elastic at some low differential be- 
tween the yield on real capital (1 —7r)f’+ 
(1—7rA)z) and the yield on government 
bonds (i). In the notation of the bond- 


‘demand equation, 


(50) b=kß((1—r)f'+(1—rà)r—i) 


assume that B’=— œ at some low value of 
(1—r)f’+(1—7TA)a—i. We can refer to this 
situation as being in a safety trap. 

When the economy has reached this con- 
dition, a further fall in (1-7) f’+C1—rA)a 
—i is not possible. This additional con- 
straint on the adjustment of the economy 
can be the source of an excess saving prob- 
lem. When certain further conditions exist, 
the increase in capital intensity could only 
occur if the rate of inflation could be re- 
duced. If the initial equilibrium had no in- 
flation (or a very low rate), the required 
reduction in inflation might not be achiev- 
able and the extra saving would result in an 
unemployment disequilibrium.” 

To see the conditions under which this 
problem would arise, note that the safety 
trap condition implies 


(51) (1—r)f’dk+(1—7A)da—di=0 , 


This in turn implies that db = Bdk and there- 
fore that 


(52) d(m+b)= L'di+(Lf'+B)dk 


With no change in the government deficit, 


22The dynamics of such an employment dis- 
equilibrium will not be considered. The relative strength 
of the Pigou effect and Wicksell effect would influence 
the ultimate path. For the current purpose, it is suffi- 
cient that price deflation and unemployment would be 
required for at least some period of time. 
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the government budget constraint entails 
(53) (2+n)d(m+b)+(m+b)dr=0 


Using this equation to eliminate d(m+b) 
from (52) and using (51) to rewrite di in 
terms of da and dk yields 


dn fl'(1-1) f" + Lf’ +B 


dk mtb... 
weno TÀ) 


(54) 


The numerator is unambiguously positive. If 
the denominator is also positive, an increase 
in capital intensity must be accompanied by 


a lower rate of inflation. There are two' 


different plausible conditions under which 
the denominator will be positive. If the de- 
mand for money is interest inelastic (L’=0), 
or, more generally, if the effect of interest 
= on money demand is small ((7+n)fL’ — 
t\)<m+b), the denominator will be posi- 
tive. Alternatively, regardless of the size of 
L’, if inflation raises the effective tax rate on 
capital income by enough to make the 
nominal after-tax yield on capital vary in- 
versely with inflation (1— rà <0), both terms 
in the denominator will be positive. In either 
case, increased capital intensity could not 
accompany a higher saving rate unless the 
rate of inflation could be reduced. 

It is easy to see why the safety trap condi- 
tion implies that a greater capital intensity 
entails a lower rate of inflation. Consider 
the case of inelastic money demand.: The 
safety trap implies that the demand for 
bonds increases in proportion to the capital 
stock: db=Bdk. With inelastic money de- 
mand, the money supply also increases with 
the capital stock: dM = Lf'dk. But with no 
change in the government deficit, the steady- 
state value of m+5 can increase only if the 
inflation rate is lower. In the alternate case 
in which inflation increases the effective tax 
rate, the analysis is only slightly more com- 
~ plex. If there were no change in inflation, 
the interest rate would have to fall to main- 
tain the minimum yield differential with 
greater capital intensity. But this would in- 
crease the demand for money, raising m+ b. 
This is incompatible with a constant infla- 
tion rate. If the inflation rate increased, this 
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would further reduce the yield on capital 
relative to government bonds. 

The problem of excess saving under these 
conditions can be avoided if the government 
uses fiscal policy as well as monetary policy 
to accommodate the additional saving. Con- 
sider first the possibility of responding to a 
higher saving rate by reducing the rate of 
tax on capital income, r. With a lower tax 
rate, the net of tax yield on the real capital 


‘stock can be maintained while the greater 


capital intensity depresses the pretax yield. 
To confirm explicitly that this fiscal incen- 
tive is sufficient to permit greater capital 
intensity, with no change in the rate of 
inflation, consider the four equations that 
describe the safety trap equilibrium with 
drt#0. The government budget constraint 
with dv=0 and dd=0 implies d(m+5)=0. 
Substituting this into the growth equilibrium 
(equation (45)) shows dk/do>0 exactly as 
in equation (47). The two remaining condi- 
tions that must be satisfied are the safety 
trap condition with dr = 0: 


(55) (1—r)f"dk—di—(f’+Am)dr=0 


and the condition that the change in the 
demands for debt and money leave m+ b 
unchanged: 


(56) O=fL'di+(B+Lf’\dk 


Equation (56) shows that the interest rate 
must rise, reducing the.demand for money 
per unit of capital. With the unique increase 
in di determined by (56) and the unique 
increase in k determined by (47), equation 
(55) shows the required decrease in the tax 
rate T. 

A higher saving rate can be transformed 
into greater capital intensity with no change 
in inflation even without changing the tax 
rate on capital income by an accommodat- 
ing increase in the government deficit 
accompanied. by a lower rate of interest. 
The lower rate of interest balances the fall 
in the return on real capital, permitting the 
real capital to be absorbed. The greater def- 
icit with the unchanged rate of inflation 
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permits an increase in both money and 
bonds that is required by the fall in i and 
increase in k. 

To see all of this explicitly, note that with 
dt=d7=0, the safety trap condition be- 
comes 


(57) (1—r) f’dk—di=0 


The increased demand for money and bonds 
is 


(58) d(m+b)=fL'dit+(Lf' +B)dk 


which, from (57), is. 
(59) d(mt+b)=(fL'—1)f" + Lf’ + B)dk 


Substituting this value of d(m +b) into the 
growth equilibrium (equation (45)) yields 


B (1—y)ftn(m+b) 
(1—y)f —n-(JL'(1—r)f”+Lf +B) 


This is unambiguously positive. The last 
term in the denominator, which reflects the 
increased deficit (i.e. d(m+b)), reduces 
the size of dk/do but does not alter the fact 
that it is positive. With dk determined by 
(60), equation (59) implies a unique value of 
d(m+b)>0..The government budget con- 
straint with d7w=0 then gives the required 
change in the deficit, dd=(7+n) 
d(m+b)>0. 

Although both the reduced tax on capital 
income and the increased deficit are capable 
of turning additional saving into greater 
capital intensity without a change in the 
price level (and therefore without the possi- 
bility of a deflationary unemployment dis- 
equilibrium), the reduced tax on capital in- 
come has at least three advantages over the 
increased government deficit. First, and 
probably most important, the equilibrium 
capital intensity is greater if the increased 
saving is accommodated by a lower tax rate. 
- Second, the lower tax rate on capital income 
reduces the excess burden caused by a dis- 
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torting tax.” Finally, the tax reduction can 
be effective under special conditions when 
the increased deficit would fail. More 
specifically, the lower interest rate that must 
accompany the increased deficit would not 
be possible if the economy is also in a 
liquidity trap, that is, if investors are unwill- 
ing to hold any asset other than money at a 
lower rate of interest.24 Even in this case, 
the tax reduction (and increased rate of 
interest) can be used to accommodate a 
higher rate of saving. 


IV. Some Conclusions 


This paper has studied the long-run im- 
pact of fiscal policies on inflation and capital 
formation: The analysis uses an expanded 
monetary growth model in which the gov- 
ernment finances its deficit by issuing both 
money and interest-bearing debt. 

One major focus of the paper is the effect 
of a permanent increase in the government’s 
real deficit in a fully employed economy. 
An important conclusion is that such an 
increased deficit must raise the rate of in- 
flation or lower the capital intensity of pro- 
duction or both. The analysis shows that the 
combination of both increased inflation and 
reduced capital intensity is a likely outcome 
with current U.S. tax rules and the prevail- 
ing monetary policy of allowing the interest 
rate to rise with inflation in a way that 
keeps the real interest rate unchanged. Sec- 
tion II determines the debt management 
policy (and the corresponding change in the 


The welfare gain from reducing the tax rate on 
capital income depends on the way in which the lost 
tax revenue is recovered. My 1978b paper shows that 
even when the uncompensated elasticity of saving with 
respect to its return is zero, the excess burden of the tax 
system would be reduced by lowering the tax on capital 
income and raising it on labor income. In the current 
context there is the further complication that the in- 
creased deficit and lower interest rate would permit 
lower total taxes. ; 

24n the notation of the model, L’=—oo at some 
low level of i. This implies the extra constraint di>0 
which is consistent with equation (56) in the context of 
a tax rate reduction but not with equation (57) when 
dr=0 and dé>0. An increased deficit could avoid 
unemployment by the Keynesian remedy of absorbing 
all of the additional saving, i. e., with dk=0. 
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interest rate) that would be required to 
maintain either a constant inflation rate or a 
constant capital-labor ratio. 

The second purpose of the paper is to 
analyze the effect of an exogenous increase 
in the saving rate and the possibility of 
“excessive saving.” The problem of ex- 
cessive saving arises when the yield on 
capital becomes so low that individuals pre- 
fer to hold government bonds rather than 
. the more risky claims to real capital. Under 
some conditions, an increased rate of saving 
could only be absorbed in increased cap- 
ital intensity if the rate of inflation could 
be permanently reduced. This requirement 
might entail a negative inflation rate which, 
as a practical matter, would be precluded by 
the downward rigidity of money wages. In 
this case, the additional saving would not be 
absorbed but would result in unemploy- 
ment. 

Section III shows first that there is no 
problem of excessive saving if 1) investors 
are willing to hold real capital even though 
the differential between its yield and that on 
government bonds is narrowed, and if 2) the 
government reduces the interest rate on 
government bonds by expanding the money 
supply more rapidly than the stock of bonds. 
When these conditions are met, an increase 
in saving can be absorbed in greater capital 
intensity without any change in either in- 
flation or the government deficit. 

A problem can arise if the economy is in 
a safety trap, that is, if investors would be 
unwilling to hold real capital if the dif- 
ference between its yield and that on 
government debt were reduced. In that case, 
an increased saving rate can imply price 
deflation and therefore possible unemploy- 
ment. This problem can be avoided however 
by reducing the tax on capital income (or, in 
some cases, by an increased deficit that ab- 
sorbs some but not all of the higher savings 
rate). In short, by using fiscal incentives as 
well as monetary accommodation, an in- 
creased saving rate can be converted to 
greater capital intensity. 

The analysis as a whole, although clearly 
a theoretical study of a simplified economy, 
suggests some insights that may help in 


W. J. Baumol, 
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understanding the unsatisfactory macro- 
economic experience of the past decade and 
in designing more appropriate economic 
policies for the future. The recent years have 
been characterized by substantial inflation, 
a low rate of investment, and large govern- 
ment deficits. Section II shows how an in- 
creased government deficit can give rise to 
both greater inflation and reduced capital 
intensity. The combination of inflation and 
historic cost depreciation raised the effective 
tax rate on the income from real capital 
while the monetary and debt management 
policies have kept the real interest rate on 
government debt unchanged. The reduced- 
equilibrium capital-labor. ratio that this im- 
plies manifests itself as a lower rate of in- 
vestment. The problem is then exacerbated 
when the government responds to decreased 
investment by further enlarging its deficit. 
The analysis suggests that a more ap- 
propriate solution would be to reduce the 
deficit while stimulating investment through 
a lower tax rate and a depreciation method 
based on current rather than historic costs. 
I have argued elsewhere that the United 
States should increase its saving rate to take 
advantage of the high social rate of return 
on additional investment.” Such an in- 
crease in the private saving rate could be 
achieved by reducing the growth of Social 
Security benefits or by tax reforms that make 
the personal income tax more like a con- 
sumption tax. These proposals implicitly as- 
sumed that such extra saving would result in 
greater capital intensity rather than in a fall 
in aggregate demand. Section III implies 
that this assumption is warranted. With ap- 
propriate fiscal inventives and accommodat- 
ing monetary policies, an increase in saving 
can be absorbed in greater capital intensity 
without any change in the rate of inflation. 


25See my 1976 and 1977 papers. 
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A Model of Sales 


By HAL R. VARIAN* 


Economists have belatedly come to recog- 
nize that the “law of one price” is no law at 
all. Most retail markets are instead char- 
acterized by a rather large degree of price 
dispersion. The challenge to economic the- 
ory is to describe how such price dispersion 
can persist in markets where at least some 
consumers behave in a rational manner. 
Starting with the seminal paper of George 
Stigler, a number of economic theorists have 
proposed models to describe this phenome- 
non of equilibrium price dispersion. See, for 
example, Gerard Butters, John Pratt, David 
Wise, and Richard Zeckhauser, Michael 
Rothschild, Steven Salop, Salop and Joseph 
Stiglitz (1977), Yuval Shilony, Stiglitz, and 
Louis Wilde and Alan Schwartz. 

Most of the models of price dispersion 
referred to above are concerned with 
analyzing “spatial” price dispersion; that is, 
a situation where several stores contempora- 
neously offer an identical item at different 
prices. A nice example of such a model is 
the “bargains and ripoffs” paper of Salop 
and Stiglitz (1977). They consider a market 
with two kinds of consumers; the “in- 
formed” consumers know the entire distri- 
bution of offered prices, while the “unin- 
formed” consumers know nothing about the 
distribution of prices. Hence the informed 
consumers always go to a low-priced store, 
while the uninformed consumers shop at 
random. The stores have identical U-shaped 
cost curves and behave as monopolistically 
competitive price setters. Salop and Stiglitz 
show that for some parameter configura- 
tions, the market equilibrium takes a form 
where some fraction of the stores sell at the 
competitive price (minimum average cost) 
and some fraction sell at a higher price. The 


*University of Michigan. Research support by the 
National Science Foundation and the Guggenheim 
Memorial Foundation is gratefully acknowledged. 
Helpful comments were received from James Adams, 
Paul Courant, Vincent Crawford, and John Panzar. 
Research assistance was provided by Todd Lanski. 


651 


high-price stores’ clientéle consists only of 
uninformed consumers, but there is a suffi- 
ciently large number of them to keep the 
stores in business. 

In the Salop and Stiglitz model—as in all 
the models of spatial price dispersion—some 
stores are supposed to persistently sell their 
product at a lower price than other stores. If 
consumers can learn from experience, this 
persistence of price dispersion seems rather 
implausible. 

An alternative type of price dispersion 
might be called “temporal” price dispersion. 
In a market exhibiting temporal price dis- 
persion, we would see each store varying its 
price over time. At any moment, a cross 
section of the market would exhibit price 
dispersion; but because of the intentional 
fluctuations in price, consumers cannot learn 
by experience about stores that consistently 
have low prices, and hence price dispersion 
may be expected to persist. 

One does not have to look far to find the 
real world analog of such behavior. It is 
common to observe retail markets where 
stores deliberately change their. prices over 
time-—-that is, where stores have sales. A 
casual glance at the daily newspaper indi- 
cates that such behavior is very common. A 
high percentage of advertising seems to be 
directed at informing people of limited 
duration sales of food, clothing, and appli- 
ances. 

Given the prevalence of sales as a form of 
retailing, it is surprising that so little atten- 
tion has been paid to sales in the literature 
of economic theory. In fact, I know of no 
work in economic theory that explicitly ex- 
amines the rationale of price dispersion by 
means of sales.! However, the work of 
Shilony does provide an implicit rationale 
for the use of sales as a marketing device. 


1Salop and Stiglitz’ 1976 paper is concerned with 
“spatial” price dispersion rather than temporal price 
dispersion. 


652 THE AMERICAN ECONOMIC REVIEW 


Shilony examines an oligopolistic market 
where consumers can purchase costlessly 
from neighborhood stores, but incur a 
“search cost” if they venture to more distant 
stores in search of a lower price. He shows 
that no Nash equilibrium exists in pure pric- 
ing strategies. On the other hand, Shilony 
does establish the existence of an equilibrium 
mixed strategy—that is, a strategy where 
firms randomize their prices. Such a strategy 
could be interpreted as stores having ran- 
domly chosen sales, 

In this paper, I explicitly address the 
question of sales equilibria. The model may 
be regarded as a combination of the Salop- 
Stiglitz and the Shilony models described 
above. As in the Salop-Stiglitz model, it will 
be assumed that there are informed and 
uninformed consumers. As in the Shilony 
model, I will allow for the possibility of 
randomized pricing strategies by stores. I 
will be interested in characterizing the 
equilibrium behavior in such markets. 

In the model to be described below, firms 
engage in sales behavior in an attempt to 
price discriminate between informed and 
uninformed customers. This is of course only 
one aspect of real world sales behavior. 
Other reasons for sales behavior might in- 
clude inventory costs, cyclical fluctuations 
in costs or demand, loss leader behavior, 
advertising behavior, and so on. The theo- 
retical examination of these motives is left 
for future work. 


I. The Model 


Let us suppose there is a large number of 
consumers who each desire to purchase, at 
most, one unit of some good. The maximum 
price any consumer will pay for the good—a 
consumer’s reservation price—wili be de- 
. noted by r. Consumers come in two types, 
informed and uninformed.? Uninformed 
consumers shop for the item by choosing a 
store at random; if the price of the item in 
that store is less than r, the. consumer 


2For now, the uninformed-informed distinction is 
exogenously given. The decision to become informed or 
uninformed will be examined in Section III. 
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purchases it. Informed consumers, on the 
other hand, know the whole distribution of 
prices, and in particular they know the 
lowest available price at any time. Hence, 


- they go to the store with the lowest price 


and purchase the item there. 

One might think of a model where stores 
advertise their sale prices in the weekly 
newspaper. Informed consumers read the 
newspaper and uninformed consumers do 
not. Let J>0 be the number of informed 
consumers, and M>0O the number of unin- 
formed consumers. Let n be the number of ` 
stores, and let U=M/n be the number of 
uninformed consumers per store. 

Each store has a density function f(p) 
which indicates the probability with which it 
charges each price p. In its choice of this 
pricing strategy, each firm takes as given the 
pricing strategies chosen by the other firms 
and the demand behavior of the consumers. 
Only the case of a symmetric equilibrium 
will be examined, where each firm chooses 
the same pricing strategy.° 

Each week, each store randomly chooses 
a price according to its density function 
f(p). A store succeeds in its sale if it turns 
out to have the lowest price of the n prices 
being offered. In this case the store will get 
I+ U customers. If a store fails to have the 
lowest price, it will get only its share of 
uninformed customers, namely U. If two or 
more stores charge the lowest price, it will 
be considered a tie, and the low-price stores 
will each get an equal share of the informed 
customers. 

Finally the stores are characterized by 
identical, strictly declining average cost 
curves.* The cost curve of a representative 
firm will be denoted by c(q). It will be 
assumed that entry occurs until (expected) 
profits are driven to zero. Thus we will be 
examining a symmetric monopolistically 
competitive equilibrium in pricing strategies. 


Some justification for this symmetry assumption is 
given by Proposition’9 in the Appendix. 

*The motivation for this assumption is the casual 
observation that retail stores are characterized by fixed 
costs of rent and sales force, plus constant variable 
costs-—-the wholesale cost—of the item being sold. 
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Il. The Analysis 


The maximum number of customers a 
store can get is J+U. Let p*=c(I+U)/ 
(I+ U) be the average cost associated with 
this number of customers. 


PROPOSITION 1: f(p)=0 for p>r or p< 
p*. 


PROOF: 

No price above the reservation price will 
be charged since there is zero demand at 
any such price. No price less that p* will be 
charged since only negative profits can re- 
sult from such a price. 


PROPOSITION 2: There is no symmetric 
equilibrium where all stores charge the same 
price. 


PROOF: 

Suppose that all stores were charging a 
single price p with r2p>p*. Then a slight 
cut in price by one of the stores would 
capture all of the informed market, and thus 
make a positive profit. If all stores were 
charging p*, each would get an equal share 
of the market and thus be making negative 
profits. 


Proposition 2 is simply a variant of the 
well-known argument that declining average 
cost curves and “competitive” behavior are 
incompatible. I therefore concentrate on 
establishing the nature of a price-randomiz- 
ing solution. Recall that p is a point mass 
of a probability density function f if there 
is positive probability concentrated at p. 


PROPOSITION 3. There are no point masses 


in the equilibrium pricing strategies.” 


PROOF: 

The intuition of this argument is seen to 
be quite straightforward. If some price p 
were charged with positive probability, there 
would be a positive probability of a tie at p. 


5Proposition 9 in the Appendix provides a partial 
converse to this assertion. 
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If a deviant store charged a slightly lower 
price, pe, with the same probability with 
which the other stores charged p, it would 
lose profits on order e, but gain a fixed 


. positive amount of profits when the other 


stores tied. Thus for small e its profits would 
be positive, contradicting the assumption of 
equilibrium. 

Let us proceed to a detailed formulation 
of this argument. First note that p* can 
never be charged with positive probability, 
for when p* is the lowest price charged, 
profits are zero, and if there is a tie at p* > 
profits are negative. Suppose then that p > p* 
is charged with positive probability. 

The number of points of positive mass in 
any probability distribution must be count- 
able so we can find an arbitrarily small e 
such that p—e is charged with probability 0. 
Consider what happens if we charge p—e 
with the probability with which we used to 
charge p, and charge p with probability 0 
The increase in profits will be 


Pr(P,>p—eall i, Pp any i) 
(p-e) +U)-e(+U)) 
—Pr(P,>p alli) (p(I1+U)—ce(I+U)) 
+Pr(p,<p—esomei) ((p—e)U—e(U)) 


—Pr( P.<p some i)( pU—c(U)) 


+ >, Pr(P.2p—e alli, P,=p for k stores) 
k=2 
((p—e)(I+U)—-e(I1+U)) 


n 
— >) Pr(P,2p all i, P,=p for k stores) 
k=2 


(p(U+I/k)—c(U+I/k)) 


As € approaches zero, the sum of the first 
four terms approaches zero, while the sum 
of the last two terms remains a positive 
number. Hence for small e profits are posi- 
tive, contradicting the assumption of an 
equilibrium strategy. 


Proposition 3 expresses the essential dif- 
ference between models of spatial price 
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dispersion and models of temporal price dis- 
persion. Most models of spatial price disper- 
sion, such as the Salop-Stiglitz model or the 


` Wilde-Schwartz model, have equilibria with | 


specific prices being charged with positive 
probability mass. The above argument shows 
that such strategies cannot be profit-max- 
imizing Nash behavior in a temporal ran- 
domizing model. 

Since there are no point masses in the 
equilibrium density, the cumulative distribu- 
tion function will be a continuous function 
on (p*,r). Let F(p) be the cumulative dis- 
tribution function for f(p); thus f(p)= 
F'(p) almost everywhere. 

We can now construct the expected profit 
function for a representative store. When a 
store charges price p, exactly two events are 
relevant. It may be that p is the smallest 
price being charged, in which case, the given 
store gets all of the informed customers. 
This event happens only if all the other 
stores charge prices higher than p, an event 
which has probability (1 — F(pŅ" t}. On the 
other hand, there may be some store with a 
lower price, in which case the store in ques- 
tion only gets its share of the uninformed 
customers. This event happens with proba- 
bility 1-(1—F(p))"~'. (By Proposition 3 
we can neglect the probability of any ties.) 
Hence the expected profit of a representa- 
tive store is 


ECON 


+n,(p)|1-(1—F(p))""" Ap) ap 
a,(p)=p(U+1)—c(U+1) 


,(p)=pU—c(U) 


where 


The maximization problem of the firm is 
to choose the density function f(p) so as to 
maximize expected profits subject to the 
constraints: 


f(p) 29; [Sv)o=1 


It is clear that all prices that are charged 
with positive density must yield the same 
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expected profit; for if some price yields a 
greater profit than some other price it would 
pay to increase the frequency with which 
the more profitable price were charged. Since 
we require zero profits due to free entry, this 
common level of profit must be zero. This 
argument yields 


PROPOSITION 4: Jf f(p)>0, then 
m,(p)(1—F(p))” 


+n,(p)|1-(1-F(p))"" *]=0 


(Of course, Proposition 4 also follows di- 
rectly from the application of the Kuhn- 
Tucker theorem to the specified maximiza- 
tion problem.) Rearranging this equation, 
we have a formula for the equilibrium 
cumulative distribution function: 


m,(p) \" 
;(p)—7,(P) 


Note that the denominator of this fraction is 
negative for any p between p* and r. Hence 
the numerator must be negative so that 
profits in the event of failure are definitely 
negative. The construction of (l1—F(p))""! 
is illustrated in Figure 1. At each p where 
J(p)>0 we can construct 2,(p) and mp) 
as illustrated and take the relevant ratio. 
Proposition 4 gives us an explicit expression 
for the equilibrium distribution function at 
those values of p where f( p)>0. If this is to 
be a legitimate candidate for a cumulative 
distribution function, it should be an in- 
creasing function of p. This is easy to verify: 


1-F(p)=( 


PROPOSITION 5: a — aA p)) 
is strictly decreasing in p. 


PROOF: 
Taking the derivative it suffices to show 
that 


(m (p)-r(p))U—m(pX—I)<0 


One can also formulate the model with a fixed 
number of firms. In this case, expected profits must be 
equal to II Cr }: 
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U T+U 


quantity 


FIGURE I. GRAPHICAL DETERMINATION OF 77,(p) 
AND 77(p) 


Using the definitions of a, and 1,, , this can 
be patrece to viele 


c(I+U) e(U) 
I+U U 


which is obvious since average cost has been 
assumed to strictly decrease. 


Of course, Proposition 4 characterizes the 
equilibrium density function only for those 
prices where f( p)>0. In order to fully char- 
acterize the equilibrium behavior, we need 
to establish which prices are charged with 
positive density. 

First, it is clear that prices close to p* 
must be charged with positive density: 


PROPOSITION 6: F(p*+e)>0 for any 
e>0. 


PROOF: 

If not, some store could charge p* +e/2, 
and thereby undercut the rest of the market 
and make positive profits. 


Similarly we can characterize the be- 
havior of f( p) near its upper limit. 


PROPOSITION 7: F(r—e)< 1 for any e>0. 


Suppose not, and let per be the highest 
‘price that is ever charged so that F(p)=1. - 
When p is charged, the store will only get _ 
the uninformed customers. since with proba- 
bility 1 some other store will be charging a 
lower price. Since the store must get zero 
expected profits at each price charged, we 
must have pU—c(U)=0. But then rU— 
c(U)>0, so charging r with probability 1 
could make a positive profit. 


Propositions 6 and 7 show that prices 
near p* and r are charged with positive 
density. It is now easy to show: 


PROPOSITION 8: There is no gap (Pj, P2) 
where f(p)=0. 


PROOF: 

If not, let p, <p <p». Now p aes: in 
being the lowest price in exactly the same 
circumstances that p, succeeds in being the 
lowest price; namely, when all other prices 
are greater than p,. Similarly, p fails to be 
the lowest price when some store charges a 
price less than p,, in which case p, also fails 
to be the lowest price. But in each circum- 
stance, since p>p,, P will make larger prof- 
its than p,. Since p, must make zero profits, 
this shows that charging p with probability 1 
will make positive profits. 


We now have a complete characterization 
of the equilibrium density: f(p)>0 for all p 


in (p*,r) and f(p)=F'(p), where 


7, (p) " 
m (p)— T, (p) 


We can also solve for the endogenous 
variables n and p*. First, note that if a store 
charges r, it only gets the uninformed 
customers, and profits must therefore seg 

a,(r)=0. Similarly, if a store charges p* 
pets all the informed customers with LON 
bility 1 so 7,( p*)=0. These two equations 
can be used to determine n and p*. 


(1) r)=1-( 


TA heuristic proof is presented here and a more 
rigorous proof in the Appendix. (The same holds true 


‘for Proposition 8.) 
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As an example, let us compute. the 
equilibrium density when the cost function 
has fixed cost k>0 and zero marginal cost. 
Then 


(2) nopi U)-k 
(3) mhp) =pU =k 

Since nr) =0, and U=M/n 

(4) rM/n—k=0 

or ooo 

(5) n=rM/k 

Thus 

(6) _ U=M/n=k/r 


Since 2,(p*)=0, we have 
p(1+ ~)—K=0 
or = 


(7) a k. 


I+k/r 


The equilibrium distribution function can 


be found by substituting (2) and (3) into (1). | 


We have . | 
‘k—-pu\aa 
aes, pe Roe G 
(8). F(p)=1 ( z ) 


Substituting from (6) and rearranging, we 
find 


(9) F(p)=1—[(k/IX(1/p-— L/r)j27 


The equilibrium ‘density function is found — 


by differentiating (9): 
(10) f(p)=F (>) 


_(k/D)" Appt) 








n=] p? 
Let 
, | n-2 rM—-2k 
(11) mate c e rM—k 
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p* r 


price 


FIGURE 2, GRAPH OF f(p)=1/p(1—p/r) 


Then K p) can be written as 


k(k/I) o o 


(12) f(p)= Sa 

(rM—k) p?-™(1—p/r) 

If n is reasonably large, m will be approxi- 

mately 1, so f(p) will be proportional to 

1 

(13) ey 
l p(l—p/r) 

This density is illustrated in Figure 2. Note 

that stores tend to charge extreme prices. 

with higher probability than they charge 

intermediate prices. This- seems intuitively 

plausible; a store would like to discriminate 

in its pricing and charge informed customers 
p* (to keep their business) and charge unin- 

formed customers r (to exploit their surplus). 


Since they are required to sell to all con- 
sumers at the same price this tendency shows 


up in the U-shaped density of prices. 


The relevant part of the density ‘is of 
course that part between p* and r. Referring 
to equation (7) we see that if fixed costs are 
small, or the number of informed consumers 
is large, p* will be small. Hence low prices 
will be charged a high percentage of the - 


. time. In some sense the market will be more 


competitive. On the other hand, the in- 
fluence of the uninformed consumers is 
never entirely absent, since high prices will 
always be charged for some fraction of the 


time. 
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TABLE 1—SUMMARY OF COMPARATIVE STATICS 
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k I 
p* + = 
n = 0 
F(p) ? + 
P ? = 
Prin ? ? 


M r A 
0 + — 
+ + = 
~- — + 
+ + ~ 
ns ? ? 


. Note: K= fixed costs, /=number of informed consumers, M=number of uninformed 
consumers, r= reservation prices, and A=fraction of informed consumers: \=1/(I+M). 


It is of interest to calculate the average 
price paid by the informed and the unin- 
formed consumers under the equilibrium 
price density. The average price the unin- 
formed consumers pay is simply: 


p= f pfp) 
p* 
If we integrate this by parts we have 


p=r- | F(p)dp 
p* 


Substituting from (9) 





(14) p=p+(=) 7 


There seems to be no simple expression 
for the integral in (14). However in the 
duopoly case (where n=2) the expression 
becomes rather trivial. Suppose for example 
that we have r=1, M=2, [=1, k=1. Then 
by (5) we have n=2, and by (7), p*=.5. 
Substituting into (14), 


(15) j= sf'(- 5 1) dp= —in.5~.69 


Let us denote the price paid by the 
informed customers by Pin. Then the den- 
sity function of Pin 1s just 


fin’ P) = (1 -FPN Ap) 


Substituting from (9) 


Smal P)= = (1/P~1/r) (0) 


Thus, Pin => {_P(/P=1/r) fp) dP 
p* 


kf _P 
COS] | r 
For the example given above, p,,,,~.31. 

Table 1 presents the results of the com- 
parative statics computations. The signs are 
for the most part as expected. However, the 
behavior of p with respect to A4—the num- 
ber of uninformed consumers—does con- 
tain an interesting feature. It can be shown 
that dp/dM>0. That is, more uninformed 
consumers cause the average price paid by 
the uninformed consumers to rise. This is an 
example of the detrimental externalities that 
noneconomizing behavior can impose. How- 
ever, note from (16) that P; will decrease 
with M—the uninformed consumers confer 
a beneficial externality on the informed con- 
sumers. This effect seems to arise because 
the number of stores is increasing in the 
number of uninformed consumers; since the 
informed consumers buy at the lowest 
advertised price, a larger number of stores 
tends to lower the average price they pay. 


HI. Does it Pay to be Informed? 

The model presented above takes the 
informed and uninformed consumers as ex- 
ogenously given. However, the decision to 
become informed or uninformed can easily 
be made endogenous. Following the Salop- 
Stiglitz example, let us now suppose that it 
is possible to become fully informed about 
the available prices in the market by paying 
a fixed cost c. We think of this as the cost 
involved in reading newspaper advertise- 
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ments, processing the information, and so 
on. Further, suppose that there are two types 
of consumers: one group has “search costs” 
C Si the other has search costs c,, with 
C ÈC 

The decision to be informed or unin- 
formed now depends on the “full price” one 
pays to purchase the product in question. 
An uninformed person pays p on the aver- 
age while an informed person pays Pin tC; 
i=1,2. In order for the equilibrium to be a 
full equilibrium, neither the informed, nor 
the uninformed group should find it in their 
interest to change their behavior. 

For example, suppose c, >c, =0. Then the 
low-cost consumers will always be informed. 
If the high-cost customers also find it in 
their interest to be informed no equilibrium 
will exist.® It is in the interest of the high-cost 
consumers to remain uninformed if p<p,,,, 
+c,. Using the results of (15) and (16), this 
reduces to p<k(1—p/r)/I+c,, or p/r< 
(k+c,1)/(k+r1). If c, is greater than r, for 
example, this condition will certainly be 
satisfied. 


IV. Summary 


I have shown how stores may find it in 
their interest to randomize prices in an at- 
tempt to price discriminate between in- 
formed and uninformed consumers, and 
have solved explicitly for the resulting 
monopolistically competitive equilibrium in 
randomized pricing strategies. The form of 
the resulting pricing strategy as given in 
Figure 2 does not seem out of line with 
commonly observed retailing behavior. 
Large retailing chains such as Sears and 
Roebuck and Montgomery Ward sell appli- 
ances at their regular price much of the 
time, but often have sales when the price is 
reduced by as much as 25 percent. How- 
ever, we rarely observe them selling an ap- 
pliance at an intermediate price. Although 
this casual empiricism can hardly be conclu- 
sive, it suggests that the features of the model 


8If all consumers are informed, only the lowest-price 
store will have any customers, and there can be only 
one price charged in equilibrium. But this is impossible 
by Proposition 2. 


vm 


/ 
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described here may have some relevance in 
explaining real world retailing behavior.® 


APPENDIX 
PROPOSITION 7: F(r—e)< 1 for any e>0. 
PROOF: 
If not, let p<r satisfy F(p)=1 and let 
(p') be a sequence of prices with f(p')>0 
and (p')->p. Clearly F( p')>1, so 


1 





1=1-| T(P) 7 
mhp) mÊ) 


Hence 7,(p)=0, or PpU—e(U)=0. But then 
rU-c(U)>0, so a store charging r with 
probability 1 would make a positive profit. 


PROPOSITION 8: There is no gap (P, Pa) 
where f( p)=0. 


PROOF: 

If not, let (p, pa) be the largest such 
gap and let (p’) and (p”) be sequences of 
prices in the support of f converging to p, 
and p,, respectively. Then, lim F(p’)= 
lim F(p’) since F is continuous, which im- 
plies 


T(P) ” mÈ P>) | 
mÈ Pi) T(P) 7,( pa) —,{ P2) 


According to Proposition 5 this is impossi- 
ble unless p, =p. 


PROPOSITION 9: If each store’s optimal 
strategy involves zero probability of a tie, and ` 
f(p)>0 for all p*Sp<r, then each store 
must choose the same strategy. 


`- PROOF: 


Let F(p) be the optimal strategy for store 
i=I1,...,”. Then by the reasoning of Prop- 
osition 4, stores k and j must satisfy the 


More detailed empirical data on sales behavior of 
appliance retailers is presented in my working paper. 


- VOL. 70 NO. 4 


equations 


(P) Ld-K(p)y""! 


ixy 


=- I [1-0-80] 
AS 
a(p) A-E 
ixtk 


=—n,(p) I] [1-01 —F(p))""'| 
ith 


Dividing one equation into the other, we 
have 


(l-F(p))"" _ 1-(1- F.C)" 
(=) 1-1-5)" 
which implies F(p)= F(p). 
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An Alternative Test of the Capital Asset 
| Pricing Model 


By Pao L. CHENG AND ROBERT R. GRAUER* 


The capital asset pricing model (CAPM) 
of William Sharpe (1964) and John Lintner 
(1965), later extended by Fischer Black 
(1972); has been extensively tested by Black, 
Michael Jensen and Myron Scholes, Mar- 
shall Blume and Irwin Friend, and Eugene 
Fama and James MacBeth.' The results of 
these efforts were recently examined and 
criticized by Richard Roll who astounded 
financial economists by declaring that: “(a) 
No correct and unambiguous test of the 
theory has appeared in the literature, and 
(b) there is practically no possibility that 


such a test can- be accomplished in the fu- 


ture” (1977a, p. 129). 

While we concur with Roll’s indictment 
in (a), we wish to take exception to his 
prediction in (b). In this paper, we propose 
an alternative test of the CAPM and report 
our test results that are free from the am- 
biguity imbedded in the past tests. In Sec- 
tion I, we discuss the sources of ambiguity 
of the traditional tests. In Section II, an 
attempt is made to develop unambiguously 
testable implications of the CAPM. Section 
III contains the test design and data, and 
the results are reported in Section IV. 


I. The Sources of Ambiguity in the 
Traditional CAPM Tests 


The fundamental source of ambiguity in 
the CAPM tests to date can be traced to the 
test’s preoccupation with the linear relation 
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between risk and return,? and the resulting 
specification of the return-generating pro- 
cess. Inasmuch as the CAPM is a one-period 
model, there is no guarantee from the the- 
ory that the risk-return linearity is sta- 
tionary through time. It merely asserts that, 
for a given period t in a mean-variance 
optimizing world, if the investors have ho- 
mogeneous beliefs, where u, is the vector of 
mean returns at t, and 2, is the matrix of 
return variances and covariances, then the 
mean return of an asset or portfolio j is 
linear with respect to its systematic risk £,,. 
This is, of course, the familiar security 
market line (SML): 


(1) 
Ba™ it (Ene T) B= FaCl — Ba) +n Pit 


where 7,, raay be taken as the riskless return 
in t if the CAPM of Sharpe and Lintner is 


- entertained, but is the mean return of the 
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zero beta portfolio in the extended CAPM 
of Black;*7,, is the mean return of the 
market portfolio in t; and , is the sys- 
tematic risk of security j. It is worth noting 
that u, and 2, are exogenous while Fe, Pnt 
and £,, are endogenous, and the SML in (1) 
is an equilibrium relationship, not a func- 
tion. 

Suppose (1) holds for each t€ 7, where T 
is the sampling period. Consider now ‘the 
return-generating process postulated for the 
purpose of statistical estimation in the past 


2The preoccupation is understandable if one realizes 
that a risk and return relationship was a concern of the 
students of finance long before the CAPM made its 
appearance. 

33t should be pointed out that in the Sharpe-Lintner 
CAPM, the riskless return is exogenous to the model, 
while the mean of Black’s zero-beta portfolio is defi- 
nitely endogenous. More of this will be dealt with in 
Section IHI. 
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tests of the CAPM:* 
(2) F= Pal B) + Fn B+ ĉo tET 


where the tildas denote random variables 
that follow a stationary stochastic process, 
and the mean of é,, and its covariance with 
other random variables are assumed to equal 
zero. Note that beta is no longer time sub- 
scripted, implying that £, is a constant for 
all te T, ie, a parameter to be esti- 
mated. The price one pays for this move is 
to ignore the fact that., is endogenously 
determined for each t. 

A fixed ĝ, for all t€7 must also neces- 
sarily imply ‘that the equilibrium firm values 
must vary through time in equal propor- 
tions. To see this, let us express (1) as 





3) Bes 


po zt mt 


which makes 8, a function of #,Ś Thus, 
if B= B; tE T, then (2) and (3) “together 
imply 


(4) B= = see 





which is also seen as the expectation of (2). 
This in turn implies that 7,, F, and p; are 
fixed for all tET. In order for P=, 

P,t/P.g,. where p,’ is the row vector of te 
equilibrium values of firms at t, p is the 
column vector of mean returns fixed across 
time, and g is a column vectors of one’s, p, 
would have to satisfy the constraint p,=k, p, 
where p is any column vector independent 
of t and k, is a scalar depending on t. That 
is, all prices would have to move in equal 
proportions through time,’ an unreasonable 


4See Black, Jensen, and Scholes (p. 99). The specifi- 
cations by Fama and MacBeth (p. 611) and Blume and 
Friend (p. 21) are for all intents and purposes equiva- 
lent to (2). 

5See Black, Jensen, and Scholes (p. 86) where the 
betas are assumed stationary, based on evidence pre- 
sented by Blume. 


“It is well known that /,, and 7,, are orthogonal. , 


Hence 7, Fat iS a function of F, as well. See Roll (1977a). 

7See Grauer for additional discussion on this point. 
Also see James Ohison and Barr Rosenberg for a 
similar concern. 
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price to pay for entertaining a return- 
generating process as specified in (2). 

If we take (2) at its face value where F, is 
made to play the role of a random variable 
while £, is fixed, then (2) represents at least 
a misspecification as well as a contradiction. 
It is a contradiction because £,, is a function 
of %, and therefore could not be held con- 
stant, and it is a misspecification because £, 
as a population regression coefficient, is not 
independent of the regressor Ž, 

Moreover, with the B's fixed a as the “true” 
betas over the sampling period, there would 
exist, by implication, a corresponding true 
and fixed market portfolio x*. Let B* be 
the vector of true betas so that B*= 
Sx* /x*’Sx*, with T==,, tET. But the 
CAPM does not guarantee the existence of 
B*, x* and % for all tÆT. Suppose the 
CAPM holds for each t€7, with the corre- 
sponding £,, x,,, and 2%, satisfying (1). 
Should these B*, x*, and 2 be interpreted 
as some weighted averages of £,, x,,,, and 
È respectively? Note that if x* + x,,,, then 
one would have the same problem of am- 
biguity due to the use of a proxy market 
portfolio as forcefully discussed by Roll 
(1977a, pp. 136-40). Moreover, the state- 
ment by Roll that “The theory is not testa- 
ble unless the exact composition of the true 
market portfolio is known and used in the 
tests. This implies that the theory is not 
testable unless all individual assets are in- 
cluded in the sample” (1977a, p. 130) does 
not get to the root source of ambiguity in 
the linearity tests of the CAPM.® For exam- 
ple, suppose that the CAPM holds for each t 
according to (1). The use of a portfolio of 
fixed weights for all t€T could result in the 
rejection of the CAPM, whether one calls 
such a portfolio the true market portfolio or 
a proxy, because the true market portfolio 
may not be the market portfolio for some or 
all t. 

Finally, it is worth pointing out that the 
imposition of fixed £ in the traditional SML 
tests carries with it the assumption of return 
distribution stationarity as well as the as- 
sumption of constant F. With 2,=2 and 


SRoll (1977b, p. 4) did recognize this point, but did 
not state the problem quite this way. 
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=p, and defining a=gd~'p,b=p’S7'n, 
and c=q’=~'g, we can write, upon sub- 
stituting the relationship 7,,=(b—7,,a)/(a 
—¥,,c) in (3), 





b—-r a =a 
A-| ae za (u-7a) 

It is clear that in order for 8, =£, r,, would 
have to be constant and independent of t. It 
is equally clear that the assumption of sta- 
tionary return distributions does not imply 
stationary £,. Since r,,, being endogenous, is 
a function of the investors’ initial wealth, 
their risk aversion, the size of the market, 
and the lending-borrowing opportunities,? 
stationary 8 represents an exceedingly strong 
assumption. Thus the past tests of the CAPM 
appear to have the unique methodological 
distinction of attempting to hold constant 
quantities that are not constant from equi- 
librium to equilibrium. 

We therefore conclude that the postulated 
return-generating process in the SML tests 
contains a number of assumptions that im- 
ply a CAPM disconcertingly different from 
the CAPM being tested. Consequently, the 
test results would have to be ambiguous and 
the source of ambiguity would appear to be 
more fundamental than that which caused 
Roll’s (1977a) consternation. Nevertheless, 
the CAPM needs to be tested. Fortunately, 
there exists a proposition that is 1) equiva- 
lent to the SML, and 2) capable of inducing 
propositions that can be unambiguously 
tested. Moreover, these propositions can be 
tested with a parsimony of assumptions. 


II, An Alternative Test of the CAPM 


A. Theory 


In order to free ourselves from the preoc- 


cupation with risk-return linearity, we begin 
by rewriting the SML in (1) in accordance 
with the standard practice in economic anal- 
ysis: that is, in equilibrium, endogenous 
variables are functions of exogenous param- 
eters. The key endogenous variables in the 


This will be further discussed in Section II, but see 
also Cheng (1977; forthcoming). 
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CAPM are of course the values of firms. In 
vector form we rewrite (1) as follows: 


—7,,)B, 


R= iaat (Fine 


= ge (Beenie 
zt 


= Pr/, PW 
Pq 


P=, P,/ (pay 


= a4 Pihi F P:4d > 
/ 
shi | P&P = 


=F tR P 


where y, is the familiar “market price of 
risk.”'° Premultiplying by S7! and re- 
arranging terms yields 


(5) P= (X kR g) 


where both y ' and F, „are some functions 
of exogenous variables.'! Hence, as it should 
in equilibrium, (5) has been cast in the form 
desired but is equivalent to the SML in (1). 

All the past tests of the CAPM have as- 
sumed stationarity in the joint distributions 
of security returns.'* We shall make such an’ 
assumption and it is the only assumption we 
shall need in order for (5) to yield testable 
propositions. By setting >,=2 and p,= 4 for 
all te 7, T being the sampling period, we 
have that 


(6) P=y (Z u- a), tET 


where =~'y and =~'g are seen as vectors 
independent of t. Thus, if the joint distribu- 
tions of security returns are stationary dur- 
ing a sampling period 7, then (6) must hold 


10See, for example, Jan Mossin and Lintner (1971) 
for the determination of market price of risk. 

See Cheng (1977; 1978; forthcoming) and John 
Heaney for a detailed discussion of yp ' and F,, as some 
explicit or unspecified funtions of exogenous variables. 

12We are in sympathy with Fama (1977) who states: 
“,..Without a large degree of stationarity in the joint 
distribution of security returns, empirical testing of the 
SLB [Sharpe-Lintner-Black] model would likely be ruled 
out” (p.22). However, as we have shown in Section I, if 
the testing of the CAPM follows the SML route, other 
assumptions would have to be made in addition to the 
stationarity of the joint distribution of security returns. 
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for all t@7. Without additional assump- 
tions, we shall show below that (6) can be 
unambiguously tested, due at least-in part to 
a lack of the need to estimate y,,7,,,2, OT p. 

Define u==~'p and v= Z7'g. and 
write (6) as 


(6) © PAW (ure) tET 
where p, is seen as a linear combination of 


time-independent vectors u and v. Consider 
the kth and the jth equation of (6%: 


(7) P= (Uk F Ok) 
(8) Pr=y (uj Fao) 


Solve (7) for r,, and substitute it into (8) to 
obtain | 


: xf uD) 0; 
(9) PrN (u- 2) +2», J#k 
D, i. * 


where p, is linear with respect to ppe Now 
select another firm i, ij, and write 
D 


u,v; i : 
(10) pan (u Et) + Spa ik 
UK Ux 


Using (9) and (10) to eliminate the un- 
observable y ' and rearranging yields 


U;D_— Diu 
(11) p= eee 


[2-2 uem) 


Di i Pit CijkP kt 


Pit 





which makes the value of firm i linedr ho- 
mogeneous with respect to any two other 
arbitrary firm values. Since the coefficients 
are functions of the elements in = and p, 
then any triplet of firm values observed at 
any tET must have a fixed structure as in 
(11). That is, although p,,, Pis and pp, may 
vary during 7, the CAPM with stationary 
beliefs must necessarily imply that they 
should vary in lockstep. It is for this reason 
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that (11) has been referred to by Cheng 
(forthcoming) as the Invariance Law of Rel- 
ative Prices, and otherwise referred to as the 
Random March,” in deference to the tradi- 
tional random walk hypothesis of stock price 
movements. 

Several extensions of (11) can be made in 
anticipation of the test design to be ‘pro- 
posed in Section III. 

(a) The Invariance Law can be ex- 
tended to relate more than three firm. values. 
Consider the values of two additional firms, 
g and h, and their invariant relationship 
with the value of firm j: 


u Dh “0U 





: C, O u Up — O0;U, 
U; h U Oh Veh 
= ngh Pgt Y CighP ht 


Substituting for p, in (11), from (12) we 
have that 


(13) 
Piu ™ (b; i jgh )Pet F (b; jkÊjgh Pre Fi Pret 


which is again a linear homogeneous equa- 
tion. Obviously, this regenerative scheme can 
be repeatedly applied to include additional 
values of firms to the extent desired. 

(b) The Invariance Law can be ex- 
tended to deal with a portfolio of firms. 
Using (6’), we choose three groups of firm 
values from p,. Let n,, na, and n, be the 
number of firms in the three groups. Then 
group J, J= 1,2,3, will have a portfolio value 


i ny ny ny 
(14) p= 2 n= > U;— Te 2 n) 
j=l Ayl ai 
=y (uz) J=1,2,3 


It is therefore obvious that (14) will yield us | 
a linear homogeneous relationship among 
three portfolio values of firms similar to 


(11). 


I3 The catchy description is due to Heaney, who in 
turn also generalized the Invariance Law. A test of the 
CAPM based upon the generalized Invariance Law will 
be reported in a forthcoming paper. 
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(c) The Invariance Law can be ex- 


tended to relate security prices rather than _ 


firm values. Suppose during a sampling 
period T the change in the number of shares 
outstanding of firm J, nj is negligible for all 
j. Denote by NT! the inverse of a diagonal 
matrix with n,s along the diagonal so that 
N~'p, is the vector of security prices. It is 
obvious that the vector of security prices 
will be a linear combination of the time- 
independent vectors N~!u and N~'»v. Hence 
the Invariance Law must hold also for the 
prices of securities.’* 


B. Testable Implications 


In view of our preceding discussion, we 
can state in general that the CAPM, under 
stationary return distributions, implies a lin- 
ear homogeneous structure of equilibrium 
security prices, or firm values, or share val- 
ues of firms. For a collection of k+1 firm 
values at t, the structure has the form: 


where p, is the (k+1)th firm value. Note 
that the k+1 different firm values can be 
arbitrarily chosen from the population of 


4There exists, however, the reasonable concern that 
the values of firms should include the values of bonds. 
Fortunately, the law still holds when corporate bonds 
are included as risky securities. For the sake of discus- 
sion, suppose there exists a single class of bonds for 
each of the N firms. Since there will be 2N risky 
securities, = will have a dimension of 2N by 2N and pa 
dimension of 2N by one. The valuation equation (6), 
ie, p=y (27 'p—-F,27'g), can be interpreted 
accordingly. That is, for example, p, will be a 2N-by-one 
vector containing N values of shares and N values of 
bonds. Hence, the Invariance Law should hold sep- 
arately for the share values of firms as well as the bond 
values of firms. Indeed, in the empirical work to follow 
in Section III, we shall only use the share values of 
firms for testing the CAPM. 

l5See fn. 14. We shall hereafter use the term “firm 
values” to mean share values of firms. Moreover, equa- 
tion (15) as a hypothesis to be tested is much less 
restrictive than the two-factor SML in (1). As pointed 
out by the referee of this paper, (6) remains a linear 
combination of two time-independent vectors if we 
generalize it by writing 

P= Oyo [E ute) 7,27 y] 

where @, is an arbitrary nonzero scalar, and ¢ and w are 
arbitrary vectors of constants (40). The above im- 
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firms in T, and that b,,..., b, are constants, 
but are some functions of the components 
of the vectors =~'p and =7'g. If an 
equilibrium exists at each te 7, then it does 
not matter whether the firm values are 
observed daily, weekly, or monthly. Con- 
sider the stochastic generalization of (15) of 
the form 


(16) 
Pip = Oot by Put ... FO, Dy Hey, tET 


where e, is the usual error term in a least 
squares regression and by, is an intercept 
term subscripted by the number of indepen- 
dent variables to indicate that its estimated 
value could conceivably vary depending on 
the value of k. We focus on five testable 
implications of the model in this paper. 

In terms of the regression equation (16), 
with k=2, the Invariance Law implies that 
the following must hold jointly: 


HYPOTHESIS 1: The intercept equals 
zero: Dp, = by, =0 


HYPOTHESIS 2: The slope coefficients 
differ from zero: b,, b,#0."° 


plies the hypothesis, 


ROB 


Of course, if this hypothesis, or equivalently (15), is 
rejected, then so is the SML in (1). Although difficult 
to implement, a more powerful test would require re- 
strictions on the coefficients in (15). ` 

16To see that the coefficient cannot be zero, refer to 
(11) for the expression of 6,=5,,, and b,=c;,,. Con- 
sider first b;=,,,, where neither the numerator nor 
the denominator equal zero. For instance, if the numer- 
ator were equal to zero, then u,/u,=v,/o,. But u; ai 
u, are the respective ith and Ath component of =~ 
while v, and v, are the respective ith and kth sae: 
nent of E` !q. In order for u,/u,=v,/v,, all the com- 
ponents in u would have to be identical, which is 
hardly a case of concern. To show that b,=c,,,0, 
note first: 


= —O+F tO, 


If b,=0, then v;/v;=5,. But b, can be written 
o,[(u,/v;)2,—Ux] 


oy] (4/0), — My |: 
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HYPOTHESIS 3: The adjusted coefficient 
of determination, R?= R2, should be near 
one. 


As we add regressors to (16), two addi- 
tional hypotheses can be identified: 


HYPOTHESIS 4: No trend in the inter- 
cept: As regressors are added to (16) the 
intercepts for k>2 should be-equal to zero 
and should not deviate from zero as k in- 
creases from 2. 


HYPOTHESIS 5: No trend in the adjusted 
coefficient of determination:, As regressors 
are added to (16) the adjusted coefficient of 
determination of k>2 should be near one 
and should remain near one as k increases 
from 2. 


Note, however, that Hypotheses 1-5 are 
not independent. If one is rejected, then so 
is CAPM. 

To operationalize Hypotheses 4 and 5 we 
first run regressions of the form given by 
(16), letting the number of independent vari- 
ables increase from two to nineteen. Then, 
we take the intercepts and adjusted coeffi- 
cients of determination from (16) and run 
the following regressions: 


(17) by, = Ap tajk+e 


(18) 


The testable implications of Hypothesis 4 
are that both a, and a, equal zero and the 
testable implications of Hypothesis 5 is that 
B, equals zero. 


k=2,...,19 


R2=B,+B,k+e  k=2,...,19 


II. The Test Design and the Data 


The data for this study are monthly val- 
ues of equity (the monthly closing price 
times the number of shares outstanding) for 


to show that if v;/v;=b, then u;/v; must equal u,/v,. 
But this is possible only if all the components in u are 
identical. For the purpose of this study the specific 
values of b and b, are not of concern, only that they 
are significantly different from zero. . 
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firms traded on the New York Stock Ex- 
change during the period January 1926 
through December 1977. The data are from 
the Center for Research in Security Prices 
(CRSP) of the University of Chicago. 

Either individual security or portfolio data 
could be employed as input for the tests. In 
fact, one of the advantages of the tests is 
that they can be carried out on any subset 
of the data. But the three most widely quoted 
studies of the linear risk-return tradeoff pre- 
dicted by the CAPM (Black, Jensen, and 
Scholes; Blume and Friend; Fama and 
MacBeth) have employed portfolio data for 
a number of econometric reasons.” While 
this paper is not confronted with the same 
econometric difficulties, we purposely em- 
ployed a portfolio grouping technique so 
that the test results can be more easily com- 
pared with the previous tests of the CAPM. 
The actual grouping technique employed 
here corresponds most closely to the Fama- 
MacBeth approach. They used three periods 
to construct a time-series of risk-return data 
needed to test'for the CAPM’s predicted 
linear risk-return tradeoff: a formation 
period (to group securities into portfolios 
based on individual security betas), an 
estimation period (to reestimate the individ- 
ual security betas used in calculating the 
portfolio betas), and a test period (to calcu- 
late the portfolio returns and to actually 
perform the tests). 

In detail, the following steps were under- 
taken in forming the monthly portfolio value 


. data: 


1) In each year, for which there were at 
least thirty-six observations from the previ- 
ous sixty months (the formation period), 
and twelve observations from the twelve- 
month test period that followed the inter- 
vening sixty-month estimation period, the 


'/The primary reason these studies employed the 
grouping procedure was to avoid an errors-in-the- 
variables, or measurement error problem, in the betas 
used in the second pass regressions testing for the 
linearity, slope, and intercept of the security market 
line. However, the grouping technique was also used 
because it was felt that it may give more efficient ex 
post estimates of ex ante conditional return distribu- 
tions and it provides an easy way to deal with delist- 
ings. 
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betas were calculated over the formation 
period.'® (The first formation period was 
forty-eight months in length so that the 
portfolio data could be generated from 
January 1935, the beginning month of the 
Fama-MacBeth study.) 

2) The stocks were then ranked from 
largest to smallest based on the betas calcu- 
lated in the formation period. 

3) Twenty portfolios were selected each 
year by assigning the highest 5 percent of 
the ranked stocks to portfolio 1, the next 5 
percent to portfolio 2, and so on. (More 
accurately, if n stocks were available for 
selection in year t, n/20 stocks were as- 
signed to each of the twenty portfolios. The 
remainder from j=mod (7,20) was distrib- 
uted such that one extra stock was included 
in each of the first j portfolios.) 

4) Over the twelve-month test period, 
the portfolio values were calculated as the 
sum of the prices times the number of shares 
outstanding of the individual securities con- 
tained in the portfolios in each month. 

5) Steps 1 to 4 were repeated for each 
year from January 1930 until January 1972 
so that the sets of monthly values for the 
twenty portfolios were created for the forty- 
three-year (516-month) period beginning in 
January 1935 and ending in December 1977. 

In designing the tests we endeavored to 
provide a wide range of dependent and in- 
dependent variables for the regressions (par- 


The primary difference between the grouping 
technique employed by the SML studies and the tech- 
nigue employed here is our requirement that for a 
security to be included in the study there must be a full 
data complement for the test period. The SML authors 
argued that the exclusion of securities delisted during 
the test period might introduce a survivorship bias. It 
was simple for them to deal with the problem by 
constructing the time-series of portfolio betas and re- 
turns as averages of the betas and returns of the indi- 
vidual securities contained in a portfolio during a par- 
ticular month. While we appreciate the survivorship 
argument, the reader will recall that it is not necessary 
to include all securities in our study—the Invariance 
Law can be tested on any subset of data. In any event, 
because our goal is to construct portfolio values, it is 
not possible to employ the averaging technique used in 
the SML studies. For those particularly interested in 
how closely the data sets interrelate, in the 1960's the 
Fama-MacBeth data sets contained on the order of 850 
securities while our data sets contained on the order of 
650 securities. l 
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ticularly for the regressions containing only 


two independent variables). Portfolios 1, 10, 


and 20 were chosen as dependent variables. 
Portfolio 10 was chosen as it had a 8 value 
near 1. On the other hand, portfolios 1 and 
20 were chosen as they provided the oppo- 
site extremes: portfolios containing the 
lowest and highest 8 securities, respectively. 
Having picked one of three dependent vari- 
ables in any time period, regressions con- 
taining two independent variables were run 
for nine different sets of values of the inde- 
pendent variables. For the values of firms in 
portfolios 10 and 20 as the dependent varia- 
bles, the independent variables were the val- 
ues of firms in portfolios j and k, j= 1,...,9 
and k=20--j. For the value of firms in 
portfolio 1 as the dependent variables, the 
independent variables were the values of 
firms in portfolios j and k, j=2,...,10 and 
k=21-—j. The j, k combinations were also 
chosen to provide a wide variety of possible 
B portfolios. For example, with portfolio 10 
as the dependent variable the regressions 
range from the high and low £8 portfolios 1 
and 19 as the independent variables to the 
contiguous £ portfolios 9 and 11. 


IV. Results 


The regression results based on equation 
(16) for two regressors over periods of vari- 
ous lengths are presented in Table 1. The 
various periods are: the full 516-month 
period, four 129-month nonoverlapping sub- 
periods, and the 402-month Fama-MacBeth 
period. For each period, nine regressions 
were run on each of the three selected re- 
gressants: portfolios 1, 10, and 20. For each 
period and each regressant, Table 1 gives 
the summary information on the associated 
set of nine regressions: the averages of the 
absolute values of nine f-statistics, denoted 
by |t(5,)|, |t(5,)|, and |t(b,)|, respectively, 
for the intercept bọ and the two slope coeffi- 
cients b, and 6,, and the average adjusted 
coefficient of determination, denoted by R?. 

It is not clear whether the Invariance Law 
is more likely to hold over short or long 
periods. Some argue that beliefs are likely to 
remain stationary only over short periods. 
Yet others hold a somewhat different view 


VOL.70 NO. 4 


CHENG AND GRAUER: TEST OF CAPM 667 


TABLE 1— SUMMARY STATISTICS FROM THE REGRESSIONS? 
Pip= Oot by Pit ba Prt eit 


No. of 
Time Regressant ; Times 
Period Portfolio [t(B)| jt] >2 
1 9.28 9 
1/35-9/45 10 5.42 7 
20 6.95 8 
1 5.27 7 
10/456 /56 10 6.30 9 
20 7.55 9 
l I 4,43 7 
1/56-3/67 10 2.65 5 
20 9.50 9 
1 11.59 9 
4/61-12/11 10 11.07 9 
20 7.95 9 
] 3.75 8 
1/35-6/68 10 2.49 6 
20 10.85 9 
1 6.91 9 
1/35~12,/77 10 3.34 6 
20 5.87 9 


No. of No. of 
Times. Times 
t(5,)| It] <2 [t(b,)| |t|<2 R? 
4.50 2 3.94 4 0.26 
4.43 l 4.09 5 0.23 
2.88 4 4.19 2 0.18 
13.31 0 5.48 i 0.74 
10.62 I 2.82 4 0.65 
8.91 1 4.75 2 - 0.59 © 
9.76 0 3.73 2 0.48 
6.51 0 4.89 2 0.41 
4.97 1 6.00 2 0.28 
6.81 0 3.61 5 0.34 
5.82 2 4.02 3 0.33 
5.58 2 4.12 3 0.32 
28.08 0 10.22 1 0.83 
20.05 0 8.45 1 0.72 
14.78 0 4.88 2 0.45 
26.29 0 14.04 1 0.79 
19.06 0 9.63 0 0.67 
5.86 3 12.33 1 0.45 


Note: Additional and detailed statistical results from the regressions will be supplied by the authors upon request. 
3 Based on beta ranked portfolios for selected periods during January 1935-December 1977. 


TABLE 2-——SUMMARY AND AVERAGE STATISTICS FROM THE REGRESSIONS®? 


Avg. No. Avg. No. Avg. No. 
Average of Times Average of Times Average of Times 
Average [tbo] i >2 Ch) [t]<2 ltd, | [t}<2 Avg. R* 
Five-year Period: 8.01 7.63 5.00 2.88 5.38 2.58 43 
Three-year Period: 7.51 6.98 8.17 1.74 7.91 1.62 71 


Note: See Table 1. 


®'The averages are computed over twenty-four five-year periods and forty-two three-year periods. 
>Based on beta ranked portfolios for the five-year and three-year periods during January 1935—December 1977. 


that beliefs are only likely to be realized 
over longer periods. As both arguments have 
a considerable number of adherents, as well 
as certain plausibility, we also ran regres- 
sions over shorter periods: five- and three- 
year nonoverlapping periods during January 
1935— December 1977. Using portfolios 1, 10, 
and 20 as regressants for each period, a total 
of twenty-four sets of regressions for the 
five-year periods and a total of forty-two 
sets for the three-year periods (with nine 
regressions in each set) were run. Since it is 
cumbersome to report the results in full, 
Table 2 summarizes the average characteris- 
tics of the two sets of short-period regres- 
sions. That is, the table reports statistics 


over the twenty-four sets of five-year regres- 
sions and over the forty-two sets of the 
three-year regressions. 

Consider Hypothesis 1: the intercept 
should not differ from zero. A glance at 
Tables 1 and 2 shows that the averages of 
the absolute values of the ¢-statistics are 
much larger than 2. In 89 percent of the 
regressions in Table 1, 85 percent of the 
five-year regressions and 78 percent of the 
three-year regressions in Table 2, or in 82 
percent of the 756 regressions performed 
overall, the intercepts had ¢-values in excess 
of 2. Turn to Hypothesis 2: the slope coeffi- 
cients should differ from zero. We find that 
overall 21 percent of the b, and 23 percent 
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TABLE 3—A COMPARISON OF ORDINARY Least SQUARES (OLS) AND COCHRANE-OrcutTrT (C-O) REGRESSIONS 
FOR THE 1935--77 PERIOD AND THE 1935-39 PERIop* 





Regressor ` : 
Portfolios t( bo ) t( b 1 ) 
1/35—12/7 
OLS. 1 19 — 24 18.07 
C-O I 19 2.26 8.16 
OLS 2 18 2.11 27.21 
C-O 2 18 2.38 5.20 
OLS 3 17 4.82 — 21.15 
C-O 3 17 2.70 —4.67 
OLS 4 16 4.40 23.32 
C-O 4 16 2.36 . 9.63 
OLS 5 15 7.28 16.30 
C-O 5 15 2.40 .58 
OLS 6 14 4.22 14.08 
C-O 6 14 2.55 3.51 
OLS 7 13 5.29 16.51 
C-O 7 13 2.58 — 1.30 
OLS mie AD 1.62 19.46 
C-O 2 12 2.24 —3.90 
OLS 9 li — 06 15.44 
C-O 9 11 2.67 —2.24 
1/35--9/45 l 

OLS 1 19 7.77 9.41 
C-O 1 19 6.15 7.68 
OLS 2 18 1.80 5.63 
C-O 2 18 — 61 6.27 
OLS 3 17 7.63 2.23 
C-O 3 17 4.23 —2.68 
OLS 4 16 8.67 3.24 
C-O 4 16 4.10 1.05 
OLS 5 15 2.91 3.46 
C-O 5 15- 2.66 2.86 
OLS 6 14 4.61 - 2,24 
C-O 6 14 99 1.31 
OLS 7 13 — 44 7.63 
C-O 7 13 — 45 5.49 
OLS 8 12 8.62 — 82 
C-O 8 12 6.23 — 3.88 
OLS 9 ll 6.37 ` 5.22 
C-O 9 Il 3.38 — .66 


Note: See Table 1. 


“The portfolio 10 is the regressant in each regression. 


_ bThe C-O p, the first-order serial coefficient. 


of the É, coefficients did not statistically 
differ from zero. Now consider Hypothesis 
3: the adjusted coefficients of determination 
should be near one. The data show that the 
average adjusted coefficients of determina- 
tion were more on the order of .5. In sum, 
the results can hardly be said to support the 
joint Hypotheses 1,2, and 3. 

However, a word of caution is in order. 
All the regressions exhibited a high degree 


; R? D.W. 
t(b2) (unadjusted) Statistic p” 
8.67 78 : 13 
3.31 98 1.97 .97 
3.52 71 12 
4.01 97 1.98 98 
2.27 62 15 
—3.33 37 1.94 39 
3.98 71 ll” 
3.39 98 1.98 98 
608 ` AS 11 
—7A5 97 - 1.94 99 
18.98 62 | 10 
1.58 97 1.96 98 
10.72 59 14 ; 
—2.75 97 1.96 99 
14.75 72 Š 19 
1.56 97 1.95 99 
17.68 ' 83 24 
39 97 1.96. 99 
—11.62 61 26 
— 10.50 91 1.94 87 
9.91 61 19 
12.49 94 2.07 94 
14 05 24 
2.33 . 82 2.01 92 
— 1.85 ll 23 
— 49 80 1.96 39 
4.64 19 25 
1.67 82 1.95 88 
136 %4 2 
5.46 84 - 2.01 "+ 94 
4.72 34 25 
5.16 86 1.93 | 31 
— 1.47 02 19 
—5.10 . 84 2.08.94 
— 1.08 21 28 
2.54 82 1.97 91 


of serial correlation. Overall the Durbin- 
Watson statistics averaged on the order of .3 
or .4. But the serial correlation was more 
acute when measured over longer periods, 
where the Durbin-Watson statistics were 
more on the order: of .1. Serial correlation 
implies that the ordinary least squares 
(OLS) estimators of the regression coeffi- 
cients are unbiased and consistent, but they 
are not efficient or asympotically efficient. 
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TABLE 4—-SUMMARY RESULTS FOR THE REGRESSIONS 
bo, =Agta,kt+e, k=2,...,19; R2=Bot+ Bi kt+e, k=2,...,19 
Based on 
Dependent 
Variable n n . n 
Time Period Portfolio ao t(&o) a t(a,) R? Bo (Bo) Bı t8) R? 
1/35-9/45 I 127,970 4.71 — 12,024 —5.19 .60 .54 ` 14.16 .027 8.11 .79 
10 541,342 5.93 —8,739 —1.12 .02 33 4.58 .044 7.19 .75 
20 2,257,686 2.82 —75,960  —1.11 0l 21 2.22 .052 6.43 .70 
10/45-6/56 l — 117,168 — 4.88 15,588 7.61 .77 .92 66.57 .005 4.44 .52 
10 415,127 4.87 —9,830 -1.35 .05 .84 61.89 .009 8.18 .80 
20 1,496,831 2.83 80,020 1.77 Ll 58 19.86 .025 10.08 .86 
7/56-3/67 1 699,069 4.18  —119,966  —8.40 .80 .60 24.72 .024 11.66 .89 
10 —.104x 108 —4.82 442,403 2.40 .22 .52 12.75 .031 8.77 .82 
20 .137x 108 10.89 31,208 29 0. AS 12.55 .033 10.69 .87 
4/67-12/77 1 3,271,176 10.71 —249,039 —-9.55  .84 59 21.21 .023 9.58 .84 
10 250X108 9.84 -—14,414,461 —6.52 .71 60 10.47 .026 5.32 .62 
20 109X109 9.74 -—6,364,723 -6.66  .72 63 15.16 .024 6.58 .71 
1/55-6/68 1 210,678 6.03 —15,604 -5.23 .6l 90 247.05 .005 16.34 .94 
10 — 1,076,703 — 5.47 —59,692 -—3.55 41 80 53.32 .012 9.76 .85 
20 5,819,474 10.53 —244,661 5.18  .60 51 24.82 .025 14.07 .92 
1/35-12/77 I 311,371 13.29 —20,271 —10.13 .86 88 209.22 .006 12.76 .95 
10 977,743 3.44 -156,804  —6.44 .70 .73 52.80 .014 12.07 .89 
20 8,715,239 25.80  —319,426 .88 14 1.87 .049 7.57 .77 


Under the assumption that a first-order au- 
toregressive scheme more accurately char- 
acterizes the data, the observation of highly 
positive serial correlation implies that the 
estimates of the variances-of the least squares 
estimators are too small. This, in turn, im- 
plies that the t-statistics are overstated. In 
our case, taking the f-statistics at face value 
will lead us, when concentrating on the in- 
tercepts, to be more apt to reject the CAPM 
than we should. On the other hand, when 
we concentrate on the slopes, we will be 
more apt to accept the model when we 
should not. But the impressions gained from 
the OLS t-statistics may not be as biased as 
one might first expect. We ran a subset of 
the regressions again, using the Cochrane- 
Orcutt (C-O) iterative method to adjust for 
autocorrelation. The results of the C-O re- 
gressions, run over two periods, and the 
corresponding OLS regressions are shown 
in Table 3. Overall the results indicate that 
the mean absolute values of the f-statistics 
are smaller for the C-O regressions. How- 
ever, the absolute values of the f-statistics 
for the intercept exceeded 2 fourteen times 
for the OLS regressions, and fifteen times 
for the C-O regressions. Turning to the slope 


coefficients, the absolute values of the t- 
statistic on b, are less than 2, once for the 
OLS and five times for the C-O regressions. 
For b, the absolute values of the ¢s are less 
than 2, four times for the OLS and five 
times for the C-O regressions. Thus, the 
OLS and C-O results lead to very similar 
results with respect to Hypotheses 1 and 
2. On the other hand, the C-O regressions 
yield substantially higher (unadjusted) coef- 
ficients of determination. Considering Hy- 
potheses 1, 2, and 3 as joint hypotheses, we 
see no reason to alter our conclusions 
reached on the basis of the OLS results. 

The second set of hypotheses, 4 and 5, 
are concerned with whether there are any 
systematic changes in either the intercept or 
the adjusted coefficient of determination as 
the number of independent variables in (16) 
is increased. We proposed to test the prop- 
osition that there should be no systematic 
effect on either the intercept, or adjusted 
coefficient of determination, by regressing 
these variables against k, the number of 
regressors. The results of these two regres- 
sions, (17) and (18), covering various sub- 
periods and the three reference portfolios 1, 
10, and 20, are presented in Table 4. 
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TABLE 5— SUMMARY STATISTICS FROM THE REGRESSIONS? 


No. of 
Time Regressant 7 Times 
Periods Portfolio [t(dp)| [t]>2 
1/35-9/45 1 3.26 6 
10 2.14 4 
20 4.73 6 
10/45-6/56 1 6.42 7 
10 5.67 6 
20 4.15 7 
1/56-3/67 sd 12.36 8 
10 7.29 8 
20 13.07 8 
4/67-12/77 l 5.11 9 
10 10.04 9 
20 4.57 7 
1 /35-6/68 i 18.49 9 
10 6.52 7 
20 15.95 9 
1/35-12/77 ` l 17.41 9 
10 6.16 7 
20 20.50 9 


Note: See Table 1. 


No. of No. of 
Times Times 
[t(5,)| It]<2 [t(b.)} t}<2 R? 
7.92 5 5.58 ] 0.76 
8.11 2 6.14 2 0.77 
9,29 1 4.05 6 0.77 
. 5.41 2 9.77 0 0.97 
7.63 0 11.29 l 0.98 
6.20 1 14.80 0 0.98 
6.71 2 5.66 I 0.84 
7.29 0 6.94 1 0.87 
5.78 2 4.10 2 0.71 
6.26 2 5.96 2 0.38 
3.19 3 3.88 3 0.22 
8.21 0 3.79 3 0.47 
18.25 I 16.66 0 0.96 
18.54 0 17.13 1 0.98 
17.17 1 14.43 2 0.95 
19.88 1 13.34 0 0.87 
16.68 1 14.70 2 0.93 
19.79 1 11.89 l 0.90 


2 Based on fixed group portfolios for selected periods during January 1935-December 1977. 


The results show that there are predomi- 
nantly statistically significant trends in the 
estimated values of the intercept as regres- 
sors are added. However, the trends are not 
of the same sign. The results concerning 
trends in the adjusted coefficients of de- 
termination are clearer. There is a statisti- 
cally significant increase in the adjusted 
coefficient of determination as the number 
of regressors increases. This appears to con- 
tradict Hypothesis 5 and the mean-variance 
model.!? 

The results we have reported up to this 
point are based on a grouping procedure 
that observes the bera-ranks of the portfolios 
of firms in order to provide comparability 


with the SML tests. However, as a check on. 


whether our results are sensitive te that par- 
ticular grouping procedure, we entertain an 
alternative grouping procedure that requires 
invariance through time in the group mem- 
bership, without regard to the firms’ beta. 
Thus we first harvested 253 firms from the 


This interpretation is in recognition of the fact 
that the distribution of the adjusted coefficient of de- 
termination is skewed and the degree of skewness 
changes with the number of regressors. 


CRSP tape that survived the entire Jan- 
uary 1935—December 1977 period. We then 
selected the first 240 firms and organized 
twenty portfolios of 12 firms each, with- 
out regard to their beta ranks. The group 
membership of a firm remains unchanged 
throughout the forty-three years. In a for- 
mat similar to Table 1, the regression results 
for the various periods are > reported i in Table 
5. With the exception of R?, Tables 1 and 5 
appear to give strikingly similar results. We 
also ran the similar regressions for the five- 
year and three-year periods and found the 
average results very similar to the results 
reported in Table 2. 


V. Concluding Remarks 


We have provided evidence against the 
CAPM. The five hypotheses we tested are 
generated from the Invariance Law, a prop- 
osition equivalent to, although perhaps less 
intuitively pleasing than, the SML proposi- 
tion that characterizes a positive risk-return 
tradeoff. The primary virtue of the Invari- 
ance Law tests is that given return stationar- 
ity, the resulting evidence is unambiguous, 
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which, as Roll (1977a) pointed out, cannot 
be claimed for the SML tests. The Invari- 
ance Law tests we have performed enter- 
tained nothing beyond, indeed substantially 
less than, what the SML tests have assumed. 
To the extent that the Invariance Law re- 
quires return stationarity, the SML tests re- 
quire the same assumption. However, neither 
framework can cope with the possibility that 
the CAPM may hold for each period while 
the return distributions are nonstationary. 
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Explaining the Relative Efficiency of Slave 
Agriculture in the Antebellum South: Reply 


By ROBERT W. FOGEL AND STANLEY L. ENGERMAN* 


The comments by Paul David and others 
in the March 1979 issue of this Review dealt 
mainly with technical issues related to the 
measurement of the relative efficiency of 
slave agriculture, and so does this reply.’ 
The debate over these technical issues should 
not, however, obscure the marked shift in 
thought about the nature of the slave econ- 
omy that has occurred during the past two 
decades. Until the mid-1950’s it was widely 
believed that the slave plantations were un- 
profitable and inefficient enterprises that 
were kept in operation by a class prepared 
to sacrifice its private economic interest, en- 
during economic stagnation for the South, 
in order to maintain its political and cul- 
tural hegemony. . 

The first critical blow to this thesis was 
delivered by the now famous 1958 essay of 
Alfred Conrad and John Meyer. Marshall- 
ing the limited evidence available at that 
time, and using a standard capital model to 
estimate the internal rate of return on an 
investment in slaves, they concluded that 
rates of return on this form of capital com- 
pared favorably with rates on alternative 
investments. This finding set off an ex- 
tended debate that took more than a decade 
to resolve. Eventually, refinements in the 
original capital model and a considerable 


*Harvard University and University of Rochester, 
respectively. Research on this paper was supported by 
National Science Foundation grants SOC 76-002 and 
GS-27262, and a grant from Harvard University. We 
have benefited from comments and criticisms by Fred 
Dong, Richard Freeman, David Galenson, Zvi 
Griliches, Thomas F. Heurtas, Mark Hopkins, Laurence 
Kotlikoff, Frank Lewis, Donald McCloskey, Paul F. 
McGouldrick, Jacob Metzer, John Olson, Hugh 
Rockoff, Donald F. Schaefer, Mark D. Schmitz, Ralph 
Shlomowitz, Kenneth Sokoloff, and Gavin Wright. 

‘Because of space limitations, some of the issues 
raised by these comments, including those of Thomas 
Haskell, are dealt with elsewhere (see our forthcoming 
book). 
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expansion of the data base, including the 
Parker-Gallman sample of over 5,000 south- 
ern farms and large samples of slave prices 
and hire rates from probate and other re- 
cords, placed the rate of return in the 6-10 
percent range, thus demonstrating the allo- 
cative efficiency of the slave economy. The 
second blow to the traditional thesis was 
delivered by Richard Easterlin’s develop- 
ment of regional income estimates extend- 
ing back to 1840. Both these initial estimates 
and the subsequent refinements in them (see 
our 197la paper) showed that the South 
experienced a high rate of growth in per 
capita income between 1840 and 1860, thus 
contradicting the view that the antebellum 
South was economically stagnant. 

These twin blows to the traditional inter- 
pretation shifted cliometric attention to the 
question of the relative technical efficiency 
of slave and free agriculture in input utiliza- 
tion. While it is obviously premature to de- 
clare this question settled, a consensus has 
emerged on one critical point. It is now 
clear that the previous view that slave agri- 
culture was less efficient than free agricul- 
ture is incorrect. What remains to be re- 
solved is the exact margin of the advantage 
enjoyed by slave plantations, and the ex- 
planation for this margin. 


I. Reply to David and Temin 
A. Measures of Land Inputs 


In their 1979 comment, Paul David and 
Peter Temin present a novel argument on 
measurement of the land input, which is 
quite different from their original one. They 
originally argued that because the northern 
transportation system was superior to the 
southern, the locational rent was a larger 
component of the value of northern farm 
land than of southern farm land (1974, pp. 
772-73). They agreed that one could not 
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merely measure the land input by acres in 
farms, that adjustments were needed for the 
fact that more capital was invested in land 
improvement in the North than in the South, 
as well as to take account of differences in 
natural fertility. But they objected to our 
use of land values for this purpose. Since we 
had measured output in uniform national 
prices, they argued that the procedure em- 
ployed in our 1971 and 1974 computations 
failed to eliminate the locational component 
of land values, and hence biased the result 
in favor of the South. 

The critical issue in this argument is the 
direction of the bias. David and Temin as- 
sumed that because the North had a better 
transportation system than the South, the 
locational component in the value of farm 
land was greater in the North than in the 
South. While such an inference would be 
warranted in a partial equilibrium model, it 
is not appropriate to fhe actual situation in 
the antebellum United States. Between 1840 
and 1860 roughly 70 percent of some 27,000 
miles of new railroad track was laid in the 
North (see George Taylor, p. 79), bringing 
millions of acres close to a rail route. The 
massive increase in supramarginal land 
brought about by the railroad construction 
probably lowered rather than raised the 
average locational rent per ace of land in 
farms. The regressions reported in our 1977 
paper confirmed that the locational compo- 
nent, on both a per acre and a per farm 
basis, represented a larger share of land 
values in the South than in the North. Con- 
sequently the effect of removing the loca- 
tional component of land values was to raise 
the southern index of total factor productiv- 
ity (G,) relative to the northern index (G,,), 
rather than reduce the ratio as David and 
Temin had asserted (symbols are defined in 
Table 1). 

In their 1979 comment David and Temin 
not only tacitly accepted our finding that 
capitalized locational rents per acre were 
larger in the South than in the North, but 
they simultaneously redefined the land in- 
put, making it equal to capitalized loca- 
tional rents, and nothing more. Their alge- 
braic proof that we eliminated “land” from 
the production function turns purely on their 


FOGEL AND ENGERMAN: SLAVE AGRICULTURE 673 


TABLE 1- DEFINITIONS OF PRINCIPAL SYMBOLS 


G,= geometric index of total factor productivity for 
farms of a given category = 


Qi 
LSL KEKTET 


G/G,=the geometric index of southern relative to 
northern total factor productivity = 


Q;/ Qn 
(Lo En) EKK D TT 


Q= output 
L=input of labor 
K= input of capital 
T= input of land 
Ar Aes 
a,=shares in the value of output of labor, capital, 
and land 
V=value of land plus improvements 
I= number of improved acres 
U= number of unimproved acres 
yı=price per acre of improved land (including 
improvements) 
Ya ™= price per acre of unimproved land 
N= the output point of a normalized northern farm 
P= the price of output (cotton or other commod- 
ity, depending on context) 
S= the output point of a normalized southern farm 
of the ith size class 
R,;=the revenue of a normalized farm of the ith 
category 
A,= the efficiency index for cotton output 
A,= the efficiency index for all noncotton output 
Y= the value of crop output ` 
Y,= value of cotton output 
Y,= value of all crop output except cotton 
X=dummy variable taking the value 1 for farms 
with 16 or more slaves 
A=the intercept of a Cobb-Douglas production 
function 
Z= a geometric average of inputs 
a;= Output elasticities of inputs 
o=the scale coefficient (a= Za;— 1) 
s= subscript denoting South 
n=a subscript denoting North 
g=a subscript denoting slave farms 
f=a subscript denoting free farms 


tacit redefinition of the land input. They 
now argue that instead of removing capital- 
ized locational rents, we should raise the per 
acre value of these rents on the less well- 
situated farms to the average level ($12.61) 
of those on the best-situated farms. 

The locational component of the value of 
an improved acre is, of course, not a mea- 
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TABLE 2— THE EFFECT OF VARIOUS ADJUSTMENTS FOR THE QUALITY OF LAND 
ON THE SOUTHERN INDEXES OF TOTAL FACTOR PRODUCTIVITY 
(G= 100) 


T/T p Measured  T;/To Measured by Land 
by the Value of 
Improvements ‘Plus 


T;/ To Measured Differential 

Size of Farm by Value of Natural Fertility 
as Measured by Land (V) (Ya YıM 
the Number of (F-E, 1974) (F-E, 1977) 
Slaves (1) (2) 
0 100.0 100.0 
1-15 107.7 100.8 
16-50 144.7 133.1 
51+ 133.5 147.7 
All Slave Farms 128.5 125.0 
All Farms 123.2 120.4 
Farms Not Using 

the Gang System 104.8 100.5 
Farms Using the 

Gang System 140.3 138.8 


T;/ To Measured by 
Land Values, with 
Values, with an Upward an Upward Valuation of 
‘Valuation of the the Locational Component 
Locational Component.on on Both Improved and 
Improved Land Only Unimproved Land 
V+1(12.61 —y,) V+(1+U)(12.61—y,) 
(D-T modified by F-E) (D-T, 1979) 
(3) (4) 
100.0 100.0 
109.7 113.7 
148.5 159.8 
147.3 174.6 
134.1 146.8 
127.9 138.2 
106.0 108.5 
148.0 165.6 


Sources: Computed from data in our 1977 paper, Table 6, and in the Parker-Gallman sample. 
Note: $12.61 is the value of y, for plantations in 51+ category, and Gp is the index of total factor productivity on 


southern farms with zero slaves. 


sure of an input into the production of 
farmgate crops. Quite the contrary, it mea- 
sures the saving in a particular input, which 
is not land but transportation. Moreover, 
this transportation input is not used to pro- 
duce farmgate crops, but to deliver them to 
market once they are produced. Since the 
locational component of land is not an 
argument of the farmgate production func- 
tion, the land input is properly measured by 
improvements plus superior natural fertility. 
Insofar as the production of crops is con- 
cerned, it makes little sense to treat im- 
provements to the land as if they were less 
integral to the land input than natural fertil- 
ity. Most of the value of the improved acres 
in farms in 1860 was due not to pure fertil- 
ity differentials but to improvements (see 
our 1977 paper, fn. 19). . 

While a case could be made for inflating 
the value of the locational component of 
improved land, there is no economic justifi- 
cation for extending that procedure to 
unimproved land, as David and Temin do. 
In 1860, 46 percent of the acreage of north- 
ern farms and 70 percent of the acreage of 
southern farms was unimproved (see U.S. 


Bureau of the Census, 1895, pp. 84—100). 
Such land was not an input into the current 
production of crops, but- was kept in inven- 
tory by farmers who expected to improve it 
at some future date or sell it to someone else 
who would. It had value not because of its 
contribution to current output, but because 
of a potential contribution that would be 
realized at some future date.” ` 

Column (4) of Table 2 displays the set of 
southern indexes obtained with the upward 
valuation of locational rents now advocated 
by David and Temin (D-T, 1979); column 
(3) displays the indexes when the inflation 
of locational rents is. applied only to 
improved land (i.e., excluding land held in 
inventory for future use in crop production); 
and column (1) displays the set originally 
published in Time on the Cross (F-E, 1974). 


2It could be argued that a small fraction of y, 
should be retained as a measure of the input of grass 
and mast into the raising of livestock. Such an adjust- 
ment would have little impact on either the North-South 
or the intra-South comparisons of total factor produc- 
tivity. It cannot, in any event, be used to justify the 
multiplication of y, by four or five times, as David and 
Temin have done. . 
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TABLE 3— THE EFFECT OF VARIOUS ADJUSTMENTS FOR THE QUALITY OF LAND 
ON THE NORTH-SOUTH COMPARISON OF TOTAL FACTOR PRODUCTIVITY 


Alternative Measures 
of the Ratio of Land 
Inputs 


1. T;/T, Measured by 
the Value of Land (V) 


(G,, = 100) 


Values of the Index of Total Factor Productivity for Various 
Classes of Farms in the Parker-Gallman Sample 


Slave Farms 
Using the Gang All Slave Using the Gang 
System All Farms Farms System 


(1) (2) (3) (4) 


Farms Not 


114.5 134.7 140.5 153.4 


675 


2. T;/T, Measured by 

the Value of Improve- 

ments plus Differential 

Fertility (Y2 — Yi M 123 6 
3. T;/T, Measured by 

Land Values, with an 

Upward Valuation of 

the Locational Component 

on Improved Land only 

V+1(12.61—y2) 112.1 
4. T,/T, measured by 

Land Values, with an 

Upward Valuation of 

the Locational Component 

on both Improved and 

Unimproved Land 

V+(1+U\(12.61—y2) 101.7 


148.1 153.8 ` 170.7 


135.3 141.8 156.5 


129.5 137.6 155.2 


Sources: From our 1974 book, Vol. II, Table B.23; our 1977 paper, Table 6; Table 2 above; 


and the Parker-Gallman sample. 


As can be seen from a comparison of col- 
umns (1) and (4), David and Temin’s proce- 
dure increases the productivity advantage of 
the intermediate and large slave farms rela- 
tive to either free southern farms or small 
slave farms (1-15 slaves). Under the David 
and Temin procedure, the slave farms are 
46.8 percent more efficient than free south- 
ern farms; and the slave farms using the 
gang system (those with 16 or more slaves) 
are 52.6 percent more efficient than the 
farms which did not (those with 0-15 slaves). 
Consequently, far from overturning our re- 


sults, the procedure advocated by David 


and Temin in their comment actually rein- 
forces them. But even if one accepts their 
rationale for inflating locational rents, the 
correct implementation of this procedure 1s, 
as we have argued, the set of indexes dis- 
played in column (3). This computation gives 
virtually the same edge to the gang system 
(148.0 + 1.060 = 139.6) as obtained from 


the set of indexes we prefer (138.8 + 1.005 
= 138.1) and which are displayed in col- 


~ umn (2). l 


What of the North-South comparison? 
Although David and Temin increased the 
locational component of land values on free 
southern farms to $12.61 per acre, they failed 
to make a similar adjustment for northern 
farms: When symmetry is maintained, the 
procedure they now advocate does little to 
diminish the advantage of slave farms over 
the free farms of the North. As column (3) 
of Table 3 shows, this procedure still gives 
slave farms an edge of 37.6 percent (line 4). 
Moreover, the edge of farms using the gang 
system (see the entries in column (4)) is 
actually higher under their procedure than 
under the one reported in Time on the Cross. 
A comparison of lines 1 and 4 of Table 3 
reveals that only the efficiency of nongang 
farms is significantly diminished relative to 
that of northern farms. This reduction oc- 
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curs because 75 percent of the acreage of 
free southern farms was unimproved, while 
less than half of the acreage of northern 
farms was unimproved (see our 1977 paper, 
Table 6 and fn. 19). It follows that the 
inclusion of unimproved land (with greatly 
inflated price weights) in the production 
functions introduces a substantially greater 
downward bias in the measured efficiency 
of free southern farms than of northern 
farms. When the inflation of the land rent is 
confined to improved land (see line 3) the 
results are quite similar to our original 
estimates (see line 1). Thus David and Temin 
obtained sharp drops in the efficiency of 
southern free farms relative to northern 
farms because their computations involved 
two inappropriate procedures: one was the 
failure to allow for a transportation subsidy 
- to northern farmers corresponding to that 
presumed for southern farmers; the other 
was the inclusion of a greatly inflated loca- 
tional rent on unimproved land that was not 
used, or used to a negligible degree, for 
purposes of current production.’ 


B. The Product-Mix Problem 


In their 1974 paper David and Temin 
developed a model showing that despite dif- 


3In our 1977 paper we shifted to the indexes which 
measure the land input by (y, — y,)J for the purposes of 
the intra-South . efficiency comparisons (i.¢., the in- 
dexes of column (2) in Table 2), but we continued to 
use the indexes presented in Table B.23 of Time on the 
Cross for the North-South comparisons. We did so 
because other adjustments in the northern efficiency 
index, still not fully refined, tend to offset the effect of 
the North-South adjustment for locational rents, These 
include adjustments for omitted products ‘principally 
firewood, which was a more important part of northern 
than southern farm output) and for regional differen- 
tials in mortality rates. While the lower northern 
mortality rate has, of course, been noted, its implica- 
tions for the measurement of productivity have not 
been pursued. Preliminary estimates indicate that the 
mortality and other adjustments could raise the values 
of G,, after correction for locational rents, by as much 
as 10 percent. One can gauge the effect on the North- 
South comparison by dividing the entries in line 2 of 
Table 3 by 1.1. The resulting figures (112.4, 134.6, 
139.8, and 155.2) are quite close to the corresponding 
entries of line 1 of the same table. The full set of 
adjustments to G, will be reported in a forthcoming 
study. 
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ferences in the indexes of total factor pro- 
ductivity, slave and free farms could be 
located on the same production-possibility 
frontier. That model, which was reiterated 
in their 1979 comment, is replicated in Fig- 
ure la, with a slight modification in symbols 
to avoid confusion between their notation 
and ours.* The curved line running through 
points N and S is the production-possibility 
frontier. Point S represents the southern 
output of cotton and “grain” (which stands 
for the output of noncotton crops and live- 
stock). The point N gives the output of 
cotton and grain for the North. Outputs of 
both sectors are normalized by expressing 
them as ratios with respect to the average 
unit of inputs. Placing both N and S on the 
same production-possibility curve implies 


` that they have the same index of technical 


efficiency. The line RR, which is tangent to 
the production-possibility curve, represents 
the total revenue of the output of a normal- 


- ized southern farm when valued at the pre- 


vailing prices of cotton (P.) and grain (P,) 
with the ratio P,/P, given by the slope of 
RR: The distance of RR from the origin 
along any ray may be taken to represent the 
southern index of total factor productivity. | 
The dashed line which intersects the pro- 
duction-possibility curve at N is the total 
revenue of the output of a normalized 
northern farm when valued at the indicated 
prices. If the distances from the origin of the 
two revenue curves are measured along the 
grain axis, then 


O,./ Qon= G,/ Gn 


Thus David and Temin claimed to have 
shown that the deviation of our index of 
relative total factor productivity (G,/G,) 
from 100 is nothing but a price effect, and 
has no implication regarding technical ef- 
ficiency. 

Whatever merit there is to David and 
Temin’s argument, it is untrue that extreme 


4it should be noted that in their 1979 comment 
David and Temin interchanged the labels of the x and 
y axes. Figure la conforms to the diagram in their 1974 
essay. 


VOL. 70 NO. 4 


(a) 
DAVID AND TEMIN'S CASE 







Groin 


Cotton 


FOGEL AND ENGERMAN: SLAVE AGRICULTURE 677 


ek (b) 
THE ACTUAL LOCATION OF 
16 THE OUTPUT POINTS 
(t : 


Other output (in tons) 





0 2 4 6 8 10 
Cotton (in 500 pound bales, net weight) 


FIGURE 1 


differences in product mix necessarily pre- 


vent inferences regarding the relative techni- . 


cal efficiency of northern and southern agri- 
culture. If, in Figure la, S were located 
anywhere to the northeast of N, then south- 
ern agriculture would be unambiguously 
more efficient than northern agriculture. If, 
for example, southern output was at point 
X, then the efficiency of southern agricul- 
ture would exceed that of northern agricul- 
ture by at least the ratio BN/ NO. That ratio 
is not, however, a greatest lower bound for 
it is based on the false assumption that the 
marginal rate of substitution at X between 
grain and cotton was zero. A greater lower 
bound on the southern efficiency advantage 
could be obtained by allowing for the largest 
plausible deviation of the price ratio from 
the marginal rate of substitution at point X. 

The purpose of the preceding example 
was to demonstrate that David and Temin’s 
“inescapable” conclusion is not entailed by 


theory. It depends on the positions at which 
they located N and S, and the slope that 
they assigned to the revenue line. What is at 
issue, then, are not points of logic but the 
validity of the empirical assumptions im- 
plicitly introduced into their diagram. They 
assumed that the points were so arranged 
that they might well lie on the same concave 
production-possibilities curve. We do not 
dispute their location of the northern output 
(N) on the grain axis—.although in 1860 
two northern states, Missouri and Illinois, 
produced small quantities of cotton (see U.S. 
Bureau of the Census, 1862, pp. 200-01). 
But they erred in locating the southern out- 
put so far to the south and east of N. Figure 
lb shows that southern output in 1860 
was actually located at S,. While this point 
is not in the unambiguous zone, it is nearly 
so, lying almost due east of the northern 
output point. It follows that N and S, could 
lie on the same concave production-pos- 
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FIGURE 2, ACTUAL OuTPUT POINTS FOR FARMS 
OF VARIOUS SIZE CLASSES IN THE COTTON BELT 


sibility frontier, and be tangent to the price 
line, only if that frontier is kinked, or nearly 
kinked. Figure 1b shows that these points 
cannot lie on a more normally shaped fron- 
tier, such as that shown by the heavy line, 
since its slope at point S$, is quite flat and so 
implies a ratio of cotton to other farm pro- 
duce prices well below that actually ob- 
served during any year of the nineteenth 
century. A kinked, or nearly kinked, frontier 
is ruled out by the wide variations in the 
noncotton to cotton output ratio across 
farm-size classes during given years, and 
substantial shifts in this ratio from year to 
year, associated -with relatively small varia- 
tions in the ratio of product prices.? David 
and Temin also misjudged the relative prices 
of cotton and grain. The appropriate slope 


5This point is elaborated below in the discussion of 
Figure 3, and in our forthcoming ‘book. 
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of the revenue curve, given by the line R, Ra 
is 50 percent greater than they assumed. 

The notion that the northern farms, the 
free southern farms, and the various classes 
of slave farms all lie on the sample produc- 
tion-possibilities curve contains a modicum 
of plausibility only when one aggregates over 
the output of all southern farms, ignoring 
the possibility that technical efficiency may 
differ by the size of the plantation. In Fig- 
ure 2, the outputs for each class of farms are 
shown.°® Also indicated are the normalized 
revenue curves associated with each point. 
The subscripts on R; and S; indicate the size 
class to which each revenue line and output 
point pertains. Thus Rj¢s) is the normalized 
revenue line associated with farms having 16 
to 50 slaves. The solid line passing through 
the five output points approximates the 
shape of the production-possibilities curve if 
all classes of farms were on it. Clearly it is 
impossible for all these points to be on a 
smooth, concave (from below) production 
possibility curve. It is plausible, however, 
that N, Sp, and S,_,5 lie on such a curve as is 
shown by the dashed line running through 
these points. But if the free farms of the 
North and South, as well as the small slave 
farms of the South, all had the same basic 
production technology then one could ad- 
just for the North’s inability to produce 
cotton by comparing the normalized reve- 
nue line through either S, or S,.,, with the 
normalized revenue lines through S,,¢5) and 
sj: 

In their comment David and Temin argue 
that differences in the relative prices facing 
the different classes of southern farms could 
explain their different locations on the same 
production function. The implausibility of 
that conjecture forall classes of farms ex- 
cept those in the zero and 1-15 slave classes 


It should be remembered that indexes of total 
factor productivity by farm size within the South were 
computed from the Parker-Gallman sample, which is 
limited to the counties of the South that specialized in 
the production of cotton. Since southern counties spe- 
cializing in grain and meat products were omitted, the 
amount of “other output” in each of the southern -size 
classes shown in Figure 2 falls below that shown for the 
South as a whole in Figure Ib. 


VOL. 70 NO. 4 


16 







Upper bound 
price ratio 





bound 
price ratio N 


Other output (in tons) 


0 2 4 6 8 10 12 
Cotton (in 500 pound boles, net weight) 


FIGURE 3. UPPER AND LOWER BOUNDS ON THE 
PRICE RATIO FACING INTERMEDIATE-SIZE 
PLANTATIONS RELATIVE TO THE PRICE RATIO 
FACING LARGE PLANTATIONS 


is demonstrated in Figure 3. The total reve- 
nue line marked R, shows the ratio of 
P./P, at national average prices in 1860.’ 
The slopes of the straight lines connecting 
the various output points are upper bounds, 
at the higher of each pair of points, on the 
absolute value of the slope of a concave 
curve passing through both points.? Thus 
comparison of the slope of the line segment 
S514516-s9 With the slope of R.s, implies 


7The slope of this line is 1.63. If we had used the 
ratio of the average price of cotton to the average price 
of corn at New Orleans for 1860, the slope, computed 
from data in Arthur Cole, would have been 1.89. 

8For example, the absolute value of the slope of the 
line connecting Ss; and Si¢.s9 is 0.43. The parabola 
passing through both points and constrained to have a 
slope of —0.43 at Ss, is given by Q,=10.233— 
0.4284Q.—0.00010Q2. The absolute value of the slope 
of this curve at Si¢ 59 is 0.4296. 
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that the ratio of P, and P, facing inter- 
mediate plantations was only 0.26 as high as 
that facing plantations with 51 or more 
slaves. Since large and intermediate planta- 
tions coexisted in. the same counties and 
shipped to the same markets, such a large 
differential is, on the face of it, implausible. 
Indeed, it is possible to establish upper and 
lower bounds on the slope of the price line 
at Si¢s9, expressed as a proportion of the 
slope of Rs}. These bounds are based on 
the estimate of the average value of the 
locational advantage per acre of large plan- 
tations and on the average output per acre 
of corn and cotton. The results of the com- 
putation are also displayed in Figure 3, 
which shows that a price line with a slope 
lying between 0.83 and 1.10 of that facing 
the large plantations bounds the range of 
plausible alternatives.’ 


The average value of the locational advantage of 
large plantations over smaller slave and free farms was 
about $10 per acre (see our 1977 paper, Table 6). Given 
a discount of 0.1 (see our 1974 book, Vol. II, p. 78), it 
follows that the extra cost of shipping the output of an 
acre to market for the less advantageously located 
intermediate plantations was about $1.00. Since the 
value of the average output of an acre of cotton was 
$20.36 for large plantations (using a yield of 177.1 
pounds per acre and a price of $57.5 per net bale of 500 
pounds), the value of the same output on smaller 
plantations was $19.36, Thus the farmgate price of 
cotton to intermediate plantations was 19.36/20.36 or 
0.95 of that facing plantations in the 51+ category. 
Using a similar procedure, with a yield of 840 pounds 
per acre and a price of $16.43 per ton, the farmgate 
price of corn to intermediate plantations that produced 
a surplus of this crop was 5.90/6.90= 0.86 of the price 
facing large plantations. It follows that the price ratio 
to intermediate plantations shipping both crops, rela- 
tive to the price ratio facing large plantations shipping 
both crops, was 0.95/0.86= 1.10, or 10 percent higher. 
Of course some intermediate plantations that shipped 
cotton ran deficits of corn. Such plantations would 
evaluate the price of corn at what it cost delivered to 
the farm. Consequently, the farmgate price of corn to 
them was not 5.90/6.90 but 7.90/6.90=1.14 of the 
price facing large plantations. It follows that the price 
ratio to an intermediate plantation shipping cotton but 
buying corn, relative to the price ratio facing the large 
plantation, was 0.95/1.14=0.83. It should be noted 
that these calculations are based on the assumption 
that both sizes of farms had land of average fertility. A 
less well-located farm with land especially suited for 
the production of corn, or other crops with a relatively 
low value per pound, might export relatively more corn 
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Although David and Temin’s objections 
have been cast largely in theoretical and 
procedural terms, they are at the root dis- 
agreements over points of fact. David and 
Temin assumed that the work year was at 
least 10 percent longer in the South than in 
the North, although the evidence indicates 
the reverse. They assumed that locational 
rents were a larger component of northern 
than southern land values, although loca- 
tional rents per acre were more than twice 
as high in the South as in the North. They 
assumed that the South’s production of non- 
cotton agricultual output (grain) per normal- 
ized farm was barely half the level that 
prevailed in the North, although as Figure 1 
shows, it is 96 percent. This last point is 
perhaps the most critical of their factual 
errors. A normalized southern farm pro- 
duced nearly as much grain as its northern 
counterpart with only about 80 percent of 
its supply of improved land and about 85 
percent of its supply of. labor.'° We will 
return to this point again in the discussion 
of Wright’s comment. 


II. Reply to Wright 


Gavin Wright’s position (1975, 1976, 1979) 
is somewhat different from that of David 
and Temin. He acknowledges the existence 
of productivity differentials between slave 
and free farms, but denies that these were 
related to the gang system of slave labor 


than a better located farm. We focused on the compari- 
son between large and intermediate plantations be- 
cause, with the previously noted exception of Sy and 
Si.15, that is the case most favorable to David and 
Temin’s contention that local differences in relative 
prices explained the difference in product mix of farms 
sharing a common production frontier. The slope of the 
line connecting 5,,, and Sy is even less than that 
connecting Ss, and Sieso. And since the slope of the 
line connecting Sieso and S.s is positive, the farms 
represented by these points could share a common 
frontier only if one of the farmgate prices facing farms 
with 1-15 slaves was negative. 

©The number of improved acres devoted to cotton 
in 1859-60 was estimated by dividing 177.1 pounds 
into the census figure for cotton output, with bales 
taken at 400 pounds net weight. The share of the labor 
force devoted to cotton is based on the data in our 
1977 paper and forthcoming book. 


SEPTEMBER 1980 


employed on the intermediate (16-50 slaves) 
and large plantations. He postulates that 
slave and free farms were equally efficient 
in cotton production; that they were also 
equally efficient in noncotton production; 
but that they were more efficient in produc- 
ing cotton than noncotton products. He pro- 
ceeds directly from this postulate to two 
conclusions: 1) that the higher level of G,/G, 
(where Go is the efficiency index on free 
southern farms) is due to the fact that cot- 
ton represented a higher share of output on 
slave than free farms; and 2) that if the free 
farms had been willing to increase the share 
of cotton in their total output to the level of 
large slave plantations, they would have had 
the same efficiency index. 

In his 1979 comment Wright dismissed 
our demonstration that his postulate implies 
that free farmers were willing to pay an 
extraordinarily high “insurance premium” 
(close to half their annual income) in order 
to obtain, at best, a small reduction in the 
variance of income. He charges that we 
“forget completely about the exceptional 
character of the year in question” (p. 224), 
(1859-60), but he does not provide an 
estimate of what the insurance premium 
would have been under what he contends 
were normal prices and yields. If we reduce 
cotton income, using Wright’s prices (see his 
fn. 1, 1979) and the midpoint of his interval 
on excessive yields, the annual insurance 
premium falls from the 48 percent of mean 
income that we estimated to 33 percent. If 
we also accept his contention that corn yields 
were down, say by 10 percent, and so raise 
com income appropriately, the insurance 
premium falls to 29 percent. Thus, even if 
Wright’s contentions about the abnormali- 
ties of 1860 yields and prices are granted, 
his postulate implies that free farmers were 
willing to forego more than one-quarter of 
their annual income for insurance that 
barely reduced, and may even have in- 
creased, the coefficient of variation (see our 
1977 paper, p. 290, especially fns. 28 and 
30). 


11 Because of limits of space we are unable to deal 
with Wright’s conjecture that unusually favorable 
weather made 1859 per-acre cotton yields so high that 
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The burden of Wright’s argument on the 
crop-mix issue turns on a single equation 
relating output per hand to a measure of 
scale and the cotton share of output. This 


they “markedly effect” the efficiency calculation (1979, 
p. 220). The evidence against that conjecture is pre- 
sented in our forthcoming book. It is also shown that 
even if one accepts Wright’s most recent estimate of the 
magnitude of the random component of yields, the 
required adjustment still leaves the South with an ef- 
ficiency advantage of at least 25.1 percent. More 
fundamentally, we object to Wright’s statement that 
“numerous testimonials” to extraordinarily high per 
acre yields “are in fact available” and to his use of 
quotations from Ezekiel Donnell and the American 
Cotton Planter to support that claim. We do not agree 
- that his position is supported by Donnell, who “cites 
the ‘fine and very favorable picking weather’ as the 
explanation for the cotton receipts ‘larger than ever 
before known’ in December 1859” (1979, p. 222). 
Nowhere in the five pages that Donnell devotes to the 
1859 crop does he distinguish between per acre yields 
and an increase in acreage as the cause for the size of 
that crop. The phrases quoted by Wright come not 
from a discussion of output and yields, but from notes 
to a table of cotton prices and commercial transactions. 
The following is the full note with the abstracted phrases 
shown in italics: 

No very remarkable event occurred this crop 

year, and prices varied but little, its entire 

course. Early in September, the free receipts at 
the ports caused a dull, heavy feeling here and 
abroad, which continued through October. 

About the Ist of November, accounts of frost 

stiffened the market temporarily, but with subse- 

quent fine and very favorable picking weather, 
prices soon fell off again. Owing to a rise in the 

Southern rivers, the receipts for a time in 

December were larger than ever before known, 

but under an improved demand, prices were 

sustained. [p. 496] 

As we read this note, the unusual December receipts 
are attributed not to unusually high acre per yields, but 
to unusually good conditions of river transportation 
that temporarily permitted a larger portion of the crop 
to be delivered during December than was normal. To 
interpret it as evidence of extraordinarily high per acre 
yields is to add something that is not there. Wright’s 
quotations from the American Cotton Planter also fail 
to address the question of per acre yields vs. a shift in 
resources and again focuses primarily on the state of 
the market. However, the September 1859 issue of the 
same journal contains an unambiguous report on the 
shift of land from corn to cotton between the 1858 and 
1859 crop years: “The fair price of cotton last winter, 
induced planters this year to plant a greater breadth of 
land in cotton than usual, to the neglect of corn; 
trusting to the West to supply them with both corn and 
pork” (p. 272). 
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equation, estimated in three versions for his 
comment (his equations (1)—(3)), was intro- 
duced in his 1975 critique and reemphasized 
in the 1976 critique. He argues that these 
regressions show not merely that total factor 
productivity and the cotton share were 
“closely linked,” but that “crop mix called 
the tune” (1979, pp. 222-23). 

Even if there were no theoretical points at 
issue, this claim would be questionable be- 
cause Wright’s productivity measure is not 
an index of total factor productivity but a 
biased proxy for it. Some bias is introduced - 
into his productivity ratio because it ex- 
cludes noncrop output from the numerator; 
some because it excludes capital and land 
inputs from the denominator. But these bi- 
ases are small compared to that introduced 
by the way in which the labor input was 
measured. 

Since slave women and children were, on 
average, less productive than prime-aged 
slave men, it is necessary to convert persons 
of different ages and sexes into equivalent 
“full hands.”’* While Wright has recognized 
that in principle the labor should be mea- 
sured in equivalent full hands, his measure 
does not have an appropriate adjustment for 
the labor of women and children. In the 
case of free farms, he agreed with Robert 
Russel that “white women and girls of small- 
farm families also worked in the fields to a 
considerable extent” (1969, p. 127; see Rus- 
sel, p. 115), but nevertheless contended that 
the assignment of a zero weight to all females 
and to males 10-14 would not seriously bias 
his productivity measure. In the case of 
slaves, he assumed that women were as 
productive as males and thus assigned all 
women age 15-60 the same weight as prime- 
aged males. Quoting F. Linden (p. 166), 
Wright justified this procedure on the 
ground that “large and small plantations 
tended to be homogenous as to the sex and 
age ratios of their slave forces” (1969, p. 
126). This statement is not borne out by the 
Parker-Gallman sample, which shows that 


12See our 1977 paper, Table 1, for a brief description 
of our procedure in making these age and sex adjust- 
ments. 
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TABLE 4— TuE RATIO OF WRIGHT’S MEASURE OF LABOR INPUT 
TO A MEASURE OF EQUIVALENT FULL HANDS 


Size Class as Measured Average Number of 


by the Number of Slaves Equivalent Full 
Per Farm. Hands Per Farm 
(1) (2) 
0 2.31 
1-15 4.66 
16-50 12.43 
51+ 37.52 


SEPTEMBER 1980 
Average Number of 
Hands Per Farm 
under Wright’s Ratio of Column 
Procedure (3) to Column (2) 
(3) (4) 
1.65 0.71 
4,60 0.99 
15.19 - 1.22 
48.27 1.29 


Source: Computed from the Parker-Gallman samples in the manner indicated by 
Wright 1976, p. 334; and our 1977 paper, Table 1. 

Note: The number of farms was 4,820. Of the 5,228 farms in the Parker-Galiman 
sample, 408 were omitted because of zero entries in one or more of the relevant 


variables. 


the age and sex structure of the slave popu- 
lation varied with plantation size. The net 
effect of Wright’s assumptions was to un- 
derestimate substantially the labor input on 
free farms and to overestimate the labor 
input on slave farms, the extent of the over- 
estimating rising with the size of the slave 
farm. Table 4 shows that with the exception 
of small slave farms, where the underesti- 
mate of the labor input of free women and 
children virtually offsets the overestimate of 
labor input of slave women, this error is in 
excess of 20 percent. The systematic mis- 
measurement of the labor input, by itself, is 


sufficient to explain why Wright’s regres-. 


sions yielded negative or statistically in- 
significant scale coefficients.’ 

But suppose Wright had measured the 
labor input correctly. Would the positive 
correlation between his productivity index 
(Y/L) and the cotton share (Y,/Y) con- 
stitute evidence in favor of his hypothesis 
and against ours?" If it is true that the gang 


Indeed, the bias in Wright’s measure of the labor 
input is so large that it wipes out the entire differential 
in total factor productivity between free and large slave 
farms, making large slave farms 5 percent less efficient 
than free farms. See fn. 18 below. 

'4In this discussion we assume that Y/L and G are 
well correlated, as is the case. In other words, we 
accept an index of labor productivity (when the labor 
input is properly measured) as an adequate, though not 
a perfect, proxy for the total factor-productivity index. 


system gave larger plantations a compara- 
tive advantage in cotton production, then it 
follows that the cotton share should have 
been greater on large slave farms than on 
small free farms. Clearly, both hypotheses 
imply that the cotton share and the produc- 
tivity index should be positively correlated. 
What distinguishes them is neither the sign 
nor the strength of the correlation, but the 
direction of causation. We argue that the 
cotton share increased because some farms 
were relatively more efficient in cotton 
production than others. Since Wright holds 
that the ratio of the efficiency indexes in 
cotton and noncotton production (A,/A,) 
was more or less equal on all types of farms 
and that A,>A,, he contends that it was 
variations in the cotton share that “called 
the tune.” The two hypotheses are also 
distinguished in another respect. Wright’s 
hypothesis implies that the productivity in- 
dex was a continuous function of farm size 
because the cotton share rose across all size 
classes. We, on the other hand, argue that 
the relationship between G, and farm size 
was discontinuous because there was a 
threshold level for the employment of the 
gang system. Nothing in Wright’s regres- 
sions bear on the direction of causation; nor 
do the regressions test the hypothesis that 
the relationship between G, and size was 
discontinuous. Fortunately, evidence. bear- 
ing on both issues is available. 
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FIGURE 4, LOGICAL Liurts OF WRIGHT'S 
INTERPRETATION OF THE CORRELATION BETWEEN 
OUTPUT PER HAND AND THE COTTON SHARE 


Assessment of this evidence will be facili- 
tated if we restate Wright’s argument within 
the framework of a production space dia- 
gram, such as Figure 4. This figure is similar 
to the diagrams employed in our discussion 
of David and Temin’s argument, but is 
modified to conform with Wright’s variables 
after correcting the measurement of the 
labor input for the biases previously speci- 
fied. Output is, therefore, measured by value 
rather than in physical terms, noncotton 
output (Y,) is limited to noncotton crops, 
and farms are normalized on the labor input 
alone rather than on all inputs. The slope of 
a line from the origin to any S; in an index 
of the cotton share, since 


Y, 
Z =1/((¥/¥,) +1) 


where Y,/Y is the cotton share and Y, is the 
dollar value of cotton output. Thus the 
smaller the slope of such a line, the larger 
the cotton share. Output points are again 
designated by the letter S. In order not to 
complicate this figure unduly, all slave farms 
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are represented by a single category, with 
the subscript f used to designate free south- 
ern farms and the subscript g used to desig- 
nate slave farms. In the subsequent figure, 
allowance will be made for productivity 
differentials between the various size classes 
of slave farms. 

In Figure 4, the line 0D indicates the 
cotton share of free farms. S, must be located 
along the line 0C which indicates the cotton 
share of slave plantations. The point S, can- 
not be located to the left of the line S.A,” 
as is S;, since Y/L was greater for slave 
than free farms and all points to the left of 
that line have lower values of Y/Z than free 
farms. If S, was located at any of the points 
on 0C above the line EB, as is S,”, then 
slave plantations would be unambiguously 
more efficient than free farms. Thus for 
Wright’s interpretation of his regressions to 
be true, S, must fall in the top half of the 
ambiguous zone—that is, on a point along 
OC located within the area bounded by 
AS,B, as in the case for Sy. 

Three conclusions follow from Figure 4. 
First, given that slave farms had both a 
higher income per worker (Y/L) and a 
higher cotton share (Y,/Y), the positive 
correlation between Y/L and Y,/Y rules 
out the possibility that slave farms were 
unambiguously less productive than free 
farms. Second, the most that Wright can 
claim about the location of S, on the basis 
of this positive correlation is that it might be 
in the ambiguous zone. Third, in order to 
use regression analysis to demonstrate that 
S, is in the ambiguous zone, it must be 
shown not only that Y/Z and Y,/Y are 
positively correlated, but also that Y,/L and 
Y,/L are negatively correlated.'® For if both 
Y,/L and Y,/L are greater for slave than 
for free farms, S, must he in the zone 
bounded by BS,D, in which case slave farms 


Since the value of Y/L at any point is given by the 
sum of the coordinates of that point, the line S,A 
represents the locus of all points with the same Y/L as 
free farms and with at least as large a cotton share. 

'6Note that such a negative correlation would show 
only that S, was in the ambiguous zone. It would not 
rule out our hypothesis or confirm Wright’s. 
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would be unambiguously more efficient than 
free farms. 

What is critical then, is the relationship 
between Y,/L and Y,/L. Wright presents 
no direct evidence on the sign of this rela- 
tionship, and refers instead to his safety-first 
hypothesis: which involves the proposition 
that as farmers increased Y,/L, they re- 
duced Y,/L; that is, that farms with rela- 
tively high cotton shares produced less food 
per equivalent hand than those with a rela- 
tively low one. To reason in this way is quite 
circular, since both Wright’s crop-mix thesis 
and his safety-first thesis require a demon- 
stration that there was a negative rela- 
tionship between Y,/L and Y,/L. 

Rather than presenting direct evidence on 
the relationship between Y,/L and Y,/L, 
Wright offers two indirect pieces of evi- 
dence. One is that the farm population per 
improved acre was greater on free farms 
than on slave farms.'” But as is immediately 
apparent, this fact does not rule out the pos- 
sibility that Y,/Z rose with Y,/L. The other 
piece of evidence is his second regression, 
which is run on data for free farms only. 
Wright suggests that having eliminated the 
influence of the gang system, it is clearly 
crop mix rather than “true” differences in 
productivity which account for the positive 
correlation between Y/L and Y./Y. But 
is that inference so obviously warranted? 
While the gang system was one factor which 
affected the comparative advantage of farm- 
ers with respect to cotton, it was not the 

only one. Growing cotton was a complex 
= task, requiring specific skills. The distribu- 
tion of these skills varied at least as much 
among free farmers as among slave-owning 
farmers. Since some free farmers were more 
adept than others in growing cotton, com- 
parative advantage could explain the posi- 
tive correlation between Y/L and Y,/Y, not 


(Wright states that the ratio of persons per im- 
proved acre was nearly twice as great on free farms as 
on farms with 51 or more slaves. But this figure is 
biased upward by about 46 percent because Wright 
gave all farms within each size class equal weight. To 
obtain an unbiased estimate of the average number of 
persons per improved acre for each size class, persons 
per improved acre on each farm has to be weighted by 
the farm’s share in the total improved acreage of its 
class. 


SEPTEMBER 1980 


only in his first ‘regression but also in his 
second one— although the explanation for 
the comparative advantage would be some- 
what different in the two cases. 

Figure 5 presents direct evidence on the 
relationship between Y,/L and Y,/L. 
Part (a) pertains to the case of free farms 
only. Here the farms are arrayed according 
to the ranking of their index of labor pro- 
ductivity. Thus S, represents the average 
normalized output point for the free farmers 
belonging to the lowest quartile of the in- 
dex, while S, represents the corresponding 
output point for farmers in the highest 
quartile of the index. Since S, is to the 
northeast of $}, and so on, there is no doubt 
that farms with the higher productivity in- 
dexes were more efficient than those with 
the lower ones. Wright’s contention that the 
cotton share increased because farmers re- 
duced noncotton output is clearly wrong. 
The farms with the higher productivity in- 
dex grew more of both crops per hand. The 
cotton share rose with the productivity in- 
dex because the increase in cotton output 
was greater than the increase in noncotton 
output. Figure 5b compares free and slave 
farms, with the subscripts on the S$; referring 
to the number of slaves. Since S,.,5 and 
S1659 are to the northeast of Sọ, these points 
represent unambiguously higher levels of ef- 
ficiency. Only S.,, is in the ambiguous zone. 
But as demonstrated: in Figure 3 above, 
given the price ratios, it is quite likely that 
this point also represents a higher level of 
true productivity than Sp. 

We are now in a position to show why 
Wright’s equation (1) produces a statistically 
insignificant scale coefficient, even when the 
labor input is properly measured. The crux 
of the issue is that this equation compares 
the way in which the productivity index 
varies with size, when the cotton share is 
held constant. But as Figure 5 demonstrates, 
farms with a high cotton share not only had 
a higher productivity index but were actu- 
ally more efficient than farms with a low 
cotton share, both across size classes and 
within size classes. Consequently, holding 
the cotton share constant, at say 50 percent, 
forces a comparison between free farms that 
are more efficient than the average of their 
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FIGURE 5. THe RELATIONSHIP BETWEEN Y,/L AND Y,/L 


class and large slave farms that are less 
efficient than the average of their class. In 
other words, holding the cotton share con- 
stant 1s the econometric equivalent of ex- 
cluding from the comparison both the less 
efficient of the free farms and the more 
efficient of the large farms. This point is 
demonstrated in Table 5, where the cotton 
share is held constant at 50+10 percent. 
That restriction leads to a comparison be- 
tween the productivity index of free farms 
belonging to the seventh decile of the zero 
size class and the productivity index of large 
farms belonging to the fourth decile of the 
51+ size class.® 


187m his 1969 study Wright ran regressions, not on 
the entire set of valid observations in the Parker- 
Gallman sample, but on a subsample “of farms for 
which the cotton-corn ratio was restricted to a narrow 
range” (p. 129), Since the regressions run on this re- 
stricted subsample yielded generally nonsignificant 


A final point on Wright’s regressions. We 
have argued that the gang system was one 
(but not the only) factor that made some 
farms more efficient in cotton production 
than others. Whatever the reason for having 
a comparative advantage in this crop, those 
farms that had it would have had a larger 
share of output in cotton than those that 
did not. Is it possible, within the framework 
of regression analysis, to. separate out the 
effect of the gang system from other factors 


scale coefficients, Wright rejected the hypothesis that 


there were economies of scale on slave plantations. 
This conclusion, as we pointed out (1971b, p. 364), was 
not warranted since Wright’s restriction on the cotton- 
corn ratio had removed from the original Parker- 
Gallman sample the Jess efficient of the small farms 
and the more efficient of the large farms. Wright’s 
regressions in his 1979 comment thus reproduced by 
econometric means the error introduced into his 1969 
study through sample selection bias. 
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TABLE 5—THE Ciass MEANS or Y/L 1N BOTH A SUBSAMPLE HAVING A COTTON SHARE OF 50+ 10 PERCENT 
AND IN THE COMPLETE SAMPLE 


Location of the 
Mean Values of Y/L Subsample Mean 
Size class Mean Values of Y/L in the Subsample with a Percentage Deviation in the Complete 
as Measured by in the Complete Cotton Share OF 50410 of Subsample Mean Within-Class 
Number of Slaves Sample ($) Percent ($) from Sample Mean ` Distribution of Y/L 
(1) (2) (3) (4) (5) 
0 196 223 +14 bottom of 7th decile 
1~15 235 251 7 middle of 6th decile 
16-50 307 283 —8 top of 5th decile 
51+ 318 250 —21 top of 4th decile 


Source: Parker-Gallman sample. 


that affected the efficiency of production? 
Wright’s attempt to do so failed because he 
compared the productivity of subsets of 
farms drawn from different deciles of their 
respective size-class distribution. Clearly, the 
comparison should turn on the means of the 
variables of given size classes. That is pre- 
cisely the nature of the comparison when an 
ordinary Cobb-Douglas production function 
is estimated. Such a regression, run on the 
Parker-Gallman sample, yields 


(1) QO—L=2.8984+ 0.1815 (K-L) 
(0.0113) 


+ 0.2606 (T—L)+ 0.0645 £ 
(0.0125) (0.0124) 


R*=0.70; N=4299 


where a “hat” over a variable indicates the 
natural logarithm of that variable, and 
standard errors are shown in parentheses. 
While the positive and statistically signifi- 
cant scale coefficient indicates that produc- 
tivity increased with farm size, this regres- 
sion also fails to separate out the influence 
of the gang system from other factors that 
might have varied continuously with size. 
Such separation is possible, however, be- 
cause the gang system could not be effec- 
tively employed unless there were a mini- 
mum number of hands. Farms with many 
more hands than this minimum number— 
the threshold appears to have been about 10 
hands or roughly 16 slaves—-had multiple 


gangs. To separate the influence of the gang 
system per se from factors varying continu- 
ously with size, we ran equation (1) with a 
dummy variable (X) that took the value 1 
for farms with 16 or more slaves: 


(2) O6—£=3.088+ 0.177 (K-L) 
(0.011) - 


+ 0.247 (T—L)— 0.059 Ê+ 0.397X 
(0.112) (0.018) (0.039) 


R*=0.71; N=4299 


Not only is the coefficient on X large and 
Statistically significant, but the scale coeffi- 
cient becomes negative. This finding sug- 
gests that it was the gang system, and not 
the factors varying continuously with size, 
that gave the intermediate and large planta- 
tions their edge in productivity. It is con- 
sistent with the results obtained from the 
computation of total factor productivity in- 
dexes and the evidence derived from the 
study of the managerial documents of slave 
plantations (see our 1974 book, Vol. I, pp. 
202—09; our 1977 paper, pp. 290-92; Jacob 
Metzer; John Olson). This evidence points 
to the gang system as the instrument which 
made it possible for slaveowners to achieve . 
a greater intensity of labor per hour than 
was otherwise possible in an agrarian set- 
ting. 

‘While equation (2) adds to the weight of 
evidence regarding the key role of the gang 
system, it is obviously not the final word. 
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This regression involves the assumption that 
the cotton South can be described by a 
homothetic production function, which may 
be inappropriate.'? Moreover, the measure 
of land input employed in both equations 
(1) and (2) is uncorrected for the locational 
component of land values, a correction 
which is much more costly to perform on 
individual farms than in the aggregate for 
an entire size class. As our discussion of this 
correction indicated, the inclusion of the 
locational component of land values as an 
input serves to bias the scale coefficient, in 
both equations (1) and (2), downward. The 
results of our efforts to deal with these and 
other questions will be reported at a later 
date. | 


HI. Reply to Schaefer and Schmitz 


We agree with Donald Schaefer and Mark 
Schmitz’s conclusion that total factor pro- 


ductivity in southern agriculture was posi- 
tively correlated with farm size, as well as 


their conclusion that the positive association 
between farm size and total factor produc- 
tivity should not be attributed to crop mix. 
But we do not agree with the analysis that 
led them to these conclusions. 

The analysis of Schaefer and Schmitz 
turns on two relationships. The first is the 
correlation between total factor productivity 
(G) and the number of slaves (which ma 
be taken as a proxy for an index of inputs),”° 
when output (Q) is held constant. The sec- 
ond is the correlation between G and Q, 
when the number of slaves is held constant. 
Using both a tabular presentation and par- 
tial correlation analysis, Schaefer and 
Schmitz found that the first correlation had 
a negative sign and the second a positive 
one. Hence, they concluded that there were 


'9Qne should not leap to the conclusion that it must 
be incorrect. If the effect of the gang system was to 
augment labor rather than to shift the elasticities of the 
production function, the increase of comparative ad- 
vantage with size would be consistent with a homo- 
thetic function. 7 E 

20A regression of Z on L, where Z is a geometric 
index of the inputs, yielded an elasticity of 1.08 (f= 178) 
and an R° of 0.88, with N=4299., 
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economies of scale, but that scale should be 
measured by output rather than by inputs. 

Let us suppose that southern farms were 
characterized by a Cobb-Douglas produc- 
tion function with constant returns to scale, 
as shown by equation (3): 


(3) Q=AL"T 7K = AZ; 
then 
(4) BE. e =L 


Parke. Z 


where Z is, as indicated, a geometric aver- 
age of the inputs, and G, equals A. 

Although economies of scale are absent, 
the Schaefer-Schmitz procedure would nev- 
ertheless show that G and Z are negatively 
correlated when Q is held constant, and that 
G and Q are positively correlated when Z is 
held constant. The point is that r¢z 9 would 
have a negative sign, and řçọ z a. positive 
one, regardless of whether there were con- 
stant, increasing, or decreasing returns to 
scale, since in each case the signs obtained 
from these partial correlations are a neces- 
sary consequence of the definition of G. In 
other words, no inference about the ex- 
istence or nonexistence of economies of scale 
can be made from their procedure. 

If there were increasing or decreasing re- 
turns to scale, then equations (3) and (4) 
would become 


(5) Q=AZ'*° 


(6) G=AZ" 


where ø is the scale coefficient (o= Za;— 1) 
and can be negative, zero, or positive. It 
follows from (5) and (6) that one can test for 
the existence of a scale effect by regressing 
Q or G on Z. As we have already seen, o is 
positive and statistically significant, which 
indicates that G increased with the level of 
inputs. 
Moreover, the Schaefer-Schmitz . proce- 
dure will disguise the presence of a scale 
effect even when it actually exists. This can 
be demonstrated by considering the third 
panel in their Table 2, which shows the 
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TABLE 6—Tue CLASS MEANS OF THE INDEX OF TOTAL FACTOR PRODUCTIVITY (G) IN THE SCHAEFER-SCHMITZ 
SUBSAMPLE OF FARMS AT OUTPUT LEVEL 3 ($1,500 < Q < $5,000) AND IN THE COMPLETE SAMPLE OF FARMS 


Mean Values of Gin the Percentage Deviation Location of the Sub- 
Size Class Mean Values Subsample with Output of the Subsample sample Mean in the 
as Measured by of G in the between Mean from the Complete Within-Class 
Number of Slaves Complete Sample $1,500 and $5,000 Sample Mean Distribution of G 
(1) (2) (3) (4) (5) 
0 100.0 320.5 + 220.5 bottom of 10th decile 
1-15 107.7 154.8 ~ +43.7 top of 6th decile 
16-50 144.7 124.8 — 13.8 bottom of 3rd decile 
51+ 133.5 54.4 — 59.3 bottom of Ist decile 


Source: Parker-Gallman sample. 


relationship between size class (as measured 
by the number of slaves) and total factor 
productivity, within the subset of farms hav- 
ing an output level of at least $1,500 but less 
than $5,000. The effect of this procedure, as 
is shown by Table 6, is to force a compari- 
son between a productivity index of free 
farms belonging to the tenth decile of the 
distribution of free farms and a productivity 
index of large slave farms belonging to the 
first decile of the distribution of large slave 
farms. In other words, by holding output 
constant, they introduced a: bias into the 
comparison of G by input size class that is 
quite similar to the bias introduced by 
Wright when he held the cotton share con- 
stant. But in the Schaefer-Schmitz case the 
bias is more extreme. Consequently, they 
could not compare free and large slave farms 
in their lowest output level, since no large 


slave farm was so inefficient as to produce. 


less than $500 of output. Nor could they 
compare free and large slave farms in their 
highest output level, since only 2 out of 
2,081 free farms were so efficient as to pio 
duce more than $5,000 of output. 

It should be noted that G and Q can be 
positively correlated under conditions of 
constant returns to scale, purely because of 
the role of the stochastic term. Consider the 
case where all farms not only have the pro- 
duction function shown by equation (3) but: 
(a) all farms have identical inputs; and (b) 
output is subject to stochastic as well as 
systematic factors. Then equations (3) and 
(4) become 


(7) Q=AZe" 
(8) G=Ae* 


where p is assumed to be normally distrib- 
uted with mean zero. Under these condi- 
tions the correlation coefficient between G 
and Q will be equal to one, since correlating 
G with Ọ reduces to correlating u with itself. 
On the other hand, there will be a zero 
correlation between G and Z. This example 
demonstrates that scale should be measured 
by inputs rather than by output. It also 
explains why Schaefer and Schmitz ob- 
tained a positive correlation between G and 
Q, even when the cotton share was held 
constant. While holding the cotton share 
constant served to control for the scale of 
measured inputs, it did not remove the posi- 
tive correlation between G and Q due to p. 


IV. Concluding Comments 


The principal function of the gang system 
was to increase the intensity of work per 
hour, The gang played a role comparable to 
the factory system or, at a later date, the 
assembly line, in regulating the pace of labor. 
It was, in other words, an early device for 
labor speedup. While the gang system pro- 
vided a powerful mechanism for controlling 
the intensity of labor, slaveowners varied in 
their ability to exploit it. Various combina- 
tions of force and material incentives were 
used to elicit intense labor, but these were 
constrained by slave attitudes and desires. 
Although not to the same degree as em- 
ployers of free labor, masters had to work 
out certain accommodations to the wishes 
of slaves. 

Of the many unresolved issues raised by 
the debate, perhaps the most intriguing and 
difficult is the meaning of “harder work” or 
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“more intense” labor. These terms are often 
loosely used, as though their meaning were 
perfectly obvious. Among the several possi- 
ble definitions, we believe that two are most 
relevant. The first defines intensity of labor 
by caloric requirement. Thus one person (of 
a standard weight and height) would be said 
to work more intensely than another if his 
(or her) caloric requirement per hour of 
labor was greater. But one person could 
work more intensely than another even if 
both required the same number of calories. 
Such a situation would exist if the amount 
of motion of the two workers was identical, 
but one “wasted” less motion than the other. 
The slave case probably involved both kinds 
of intense labor—that is, both labor requir- 
ing more calories per man-hour and labor 
with less wasted motion. Labor which 
eliminates wasted motion may result in psy- 
chic fatigue and alienation, and so be more 
obnoxious than labor which permits wasted 
motion. The unremiting, machine-like qual- 
ity of gang laborers repelled mid-nineteenth- 
century observers who valued traditional 
agrarian ways. And trade unions today fre- 
quently resist the introduction of practices 
aimed at eliminating wasted motion, even 


when workers are compensated by some- 


what higher wages. 

Wright raised another unresolved issue in 
the concluding section of his comment. 
Would the South have sustained its 1840-60 
rate of growth in per capita income if slavery 
had continued? Wright contends that it 
would not have because the rate of growth 
in the British demand for cotton “had largely 
played out by 1860” (1979, p. 225). While 
we pointed out that the demand for cotton 
grew less rapidly after 1860 than before (see 
our 197la paper, pp. 316-19, 330-31), the 
reduced growth rate of demand was still 
more rapid than the rate of growth of the 
South’s agricultural labor force.”! Further- 
more, the substantial rise in the United 


2! The world demand for cotton continued to expand 
at the pre-Civil War rate until 1870. It stagnated during 
the depression decade of the 1870s and then resumed 
its upward course at about one-half the pre-Civil War 
rate: It should be noted that in comparing 1860 with 
1877—78, Wright significantly underestimates the rate 
of growth in the demand for U.S. cotton, since 1860 
was at a peak of a boom and 1878 was at the trough of 
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States’ production of cotton between 1875 
and 1890 could not have occurred without 
either a substantial shift of resources from 
other activities into cotton, or an Increase in 
the productivity of the cotton sector of agri- 
culture, or some combination of both. 
Wright’s counterfactual question regarding 
the course of the southern economy after 
1860 cannot be settled merely by reference 
to the reduced rate of increase in cotton 
demand. The answer turns on the rate of 
productivity growth, not only in the various 
sectors of southern agriculture, but in non- 
agriculture as well, and on the capacity of 
the post-Civil War economy to reallocate 
resources in accord with shifting require- 
ments. The past few years have produced 
several books and dissertations as well as a 
spate of shorter works which address these 
hitherto neglected issues. It would be pre- 
mature to attempt to resolve Wright’s inter- 
esting counterfactual question before the 
current burst of research into the economy 
of the postbellum South is completed and a 
reasonable picture of the actual course of 
events has emerged. 

Opposition to the application of scientific 
methods to the study of history has often 
rested on the belief that these methods will 
divert attention from the great moral issues 
of history. This fear has not materialized in 
the study of slavery. Quite the contrary, 
cliometric research has served to emphasize 
the deeply moral nature of the antislavery 
crusade, Slavery was bad not because it was 
unprofitable and inefficient, or because it 
failed to deliver a high rate of economic 
growth, but because, in a world increasingly 
dedicated to personal liberty, it was the most 


the long recession that began in 1873. He also focuses 
on either British demand or the demand for U.S. 
cotton when it is total world demand that is relevant. 
As Lars Sandberg points out, the decline in British 
demand was offset by a rise in demand elsewhere in the 
world, The demand for U.S. cotton rose less rapidly 
between 1860 and 1890 than did total world demand, 
because the cotton famine of the Civil War induced 
other producers of cotton into the market. While the 
United States made rapid strides toward regaining its 
share, it had not fully closed the gap by the end of the 
1880’s. According to Michael Mulhall (p. 156), the 
United States counted for 78.1 percent of the world 
cotton production during 1851—1860. During 1881—87, 
its share was 72.0 percent. 
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malignant remnant of the past and the 
greatest obstacle to the continued expansion 
of the realm of individual choice. It was on 
this premise that the dissenters launched the 
antislavery crusade, and it remained their 
central premise to the end. If certain anti- 
slavery crusaders latched on to economic 
arguments, it was not because morality had 
given way to economic self-interest but be- 
cause these crusaders thought that such 
arguments would win new adherents to their 
cause. 
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On the Monopolistic Provision 
of Excludable Public Goods 


By DAGOBERT L. BRITO AND WILLIAM H. OAKLAND* | 


The private market provision of excluda- 
ble public goods is the subject of consider- 
able controversy in economics.’ Different 
analysts have produced results which range 
over the entire spectrum of possibilities— 
from extreme underprovision to complete 
overprovision. It is not our intention to re- 
view or to join in this voluminous debate, 
but rather to examine the question within a 
different and, in our view, more realistic 
context. Specifically, we examine the prop- 
erties of private market provision under 
conditions of monopoly. By way of contrast, 
the existing literature has focused almost 
_ exclusively upon competitive or quasi- 
competitive provision. 

By way of definition, an excludable pub- 
lic good is a pure public good for which 
exclusion by means of price is costless. Since 
it is a pure public good, each consumer 
could consume the total quantity produced. 
Because exclusion is costless, however, there 
is no need for this to be the case. Hence, if 
q' is the consumption of the ith consumer, 
i=1,..., N, and Q is the total quantity pro- 
duced, we have 


q' <Q i= 1, N 


with the strict inequality holding whenever 
exclusion is exercised. 

The emphasis upon competitive provision 
in the literature is somewhat surprising in 


*Professors of economics, Tulane University, and 
senior fellows, Murphy Institute for the Study of Politi- 
cal Economy. This research was funded in part by a 
grant from the National Science Foundation. We wish 
to acknowledge useful comments by Michael Intriliga- 
tor and the late Michael Visscher. 

1See for example, Earl Thompson (1968, 1969), Bruce 
Owen, Harold Demsetz, Robert Ekelund and Joe 
Hulett, and Oakland. 

*The only published treatment of the monopoly case 
has been by Thompson (1968). However, the assump- 
tions employed depart considerably from those adopted 
here. For unpublished work, see Peter Tomlinson and 
Geoffrey Brennan, John Head, and Cliff Walsh. 
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view of the paucity of excludable public 
goods which are or could be provided within . 
such a framework. The most convincing ex- 
ample to date is the television tape which, 
because of the absence of scale economies, 
is amenable to decentralized provision. Even 
here, however, one might argue that the 
relevant public good is the transmission of 
the tapes, an activity characterized by de- 
creasing costs and formidable barriers to 
entry. 

There is no such shortage of examples of 
candidates for monopoly provision. High- 
ways, airports, waterways, parks, zoos, and 
museums are some services which come 
readily to mind. As long as the facility re- 
mains uncongested, each example meets the 
criteria for an excludable pure public good. 
Moreover, each enjoys scale economies in 
its production as well as a uniqueness aris- 
ing because of locational considerations. If 
left in the private sector, such services would 
undoubtedly be characterized by monopoly 
elements. Thus, besides being of pure theo- 
retical interest, the analysis of the monopoly 
provision of public goods carries consider- 
able policy interest. 

In what follows, a monopoly firm’s be- 
havior is examined under two different pric- 
ing arrangements. In the first, the firm is 
constrained to choose a single uniform price 
at which it will serve all of its customers. In 
the second, the firm can vary price with 
sales but must make the same price offers to 
each of its customers. Essentially this in- 
volves the selection of a non-linear outlay 
function for the firm’s services. This func- 
tion is then compared with that which would 
prevail if the industry were organized com- 
petitively. 

Our principal findings are threefold: 1) 
Whether or not it is constrained to a single 
uniform price, a monopoly will produce a 
suboptimal level of public goods and ineffi- 
ciently exclude some consumers from part 
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of the output actually produced. 2) In gen- 
eral, a monopolist will find it profitable to 
vary price with the level of service provided 
to a particular customer. In a wide range of 
cases marginal price will be declining with 
respect to units of service provided. 3) If 
prices vary with units of service the monop- 
oly price schedule will lie above the corre- 
sponding competitive price schedule and the 
monopoly output will fall short of the com- 
petitive level. 


I. Provision with a Single Price 


Some of the most interesting properties of 
monopoly provision can be gleaned from a 
simple model in which the firm chooses a 
uniform price to be charged to all custom- 
ers.’ Such a single price could be the result 
of government restrictions, high costs of ob- 
taining the necessary information for price 
discrimination, or because of the ability of 
customers to retrade. In any event, this case 
corresponds most closely to the analysis 
which is generally used to study the monop- 
olistic provision of private goods and 
services. 

To keep matters simple, we assume that 
the firm produces the public gocd under 
conditions of constant cost. Hence, total 
costs (C) equal unit costs (c) times total 


output(Q): 
(1) C=cQ 


On the demand side, an individual’s de- 
mand for the service is given by 
(2) . d'=D,(p) i=1,...,N 
It is customary in private good analysis to 
sum the demand curves (2) to obtain market 
demand. On the other hand, market de- 
mand for public goods is usually obtained 
by inverting (2) and summing. In the pres- 
ent case, however, neither procedure is ap- 
propriate. To sum demands “horizontally” 
is inconsistent with the public good property 
of the service. To sum “vertically” violates 


3An extensive discussion of this case is in Tomlin- 
son. i 
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the condition that consumers be charged a 
common price. Aggregation of individual 
demand curves in the present case is much 
more complicated.‘ 

The problem confronting the firm is to 
maximize 


(3) PÈ q'-cQ 
: i=1 
subject to 
(4) Dp)—q'>0 
(5) | Q-q'>0 


where g' is the amount of service extended 
to the ith consumer. By (4), q' is constrained 
to be no greater than an individual’s de- 
mand d’, while (5) restricts q' to be no 
greater than total output, QO. It is (5) that 
expresses the nonrival character of public 
goods while (4) embodies the property of 
costless exclusion. 

Defining X and p’ to be the shadow prices 
of constraints (4) and (5), respectively, and 
assuming p>0, Q>0, the Kuhn-Tucker 
conditions are 


(6) 2a'+ 2 ND; (p)=0 


(7) 2p —c=0 

(8) N[D;(p)-4']=0 
N>0 i=1,...,N 

Dj p)—q' 20 

(9) n'LQ-q‘]=0_ 
wo i=1,...,N 

Q—q'>0 
(10) p=X+pi i=1,...,N 


“Since such a construct is not necessary for the 
solution we will not take the time to develop it here. 
For such a derivation, see Tomlinson. 


z 


VOL. 70 NO. 4 


It can be shown that consumers can be 
classified into two mutually exclusive sets: 
those for whom q'<Q and hence p'=0; 
those for whom q'<D,(p) and hence X =0.> 
We label these sets R and R, respectively. If 
the sets were not mutually exclusive, we 
would have, for some i 


q'<D;(p)<Q 


But this is not consistent with profit maxi- 

mization because the firm, without changing 

p or Q, could allow q’ to increase to D;(p), 

thus adding p-[D,( p)—q'] to its profits. 
Thus, from (10) we have 


p=h XN=0 iin R (Q=q'<D,(p)) 


p=N w=0 iinR (D;(p)=4'<Q) 


Substituting into (6) and (7) yields 


(6’) 2a'+p 2 Di (p)=0 


(7’) n(R)-p=c 


where n( R) is the number of individuals in 
the set R. Equation (7^) is the marginal 
revenue equals marginal cost condition for 
units of capacity. Since only members of set 
R consume the entire capacity, Q, only they 
are relevant to the output expansion deci- 
sion. The firm can sell an additional unit of 
output to all members of R simultaneously 
since each member is constrained by quan- 
tity, not by price. Hence, the additional 
revenue from producing an additional unit 
of capacity is n(R)-p.° Notice that this out- 
put expansion rule has the familiar public 
good flavor of adding up consumer demand 
prices. As we shall see below, this prop- 
erty carries over to a much wider class of 
models. 


*It is conceivable that for some i, p'O and A0. 
However, if individual demands are unique and the 
number of individuals large, such consumers will be of 
measure zero; i.e. there are no mass points. 

That members of the set R are not relevant to the 
capacity decision owes to the fact that the firm always 
(whether capacity is expanded or not) has the option of 
selling them more. Of course, it must reduce p to do so. 
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Turning to (6’), we see that the monop- 
olist sets his price so as to maximize revenue 
for any given level of output, Q. The first 
term corresponds to the increased revenues 
obtained from inframarginal units, whereas 
the second term reflects the loss of sales due 
to the price increase. Since only those in set 
R are on their demand curves, the monop- 
olist must only consider the loss in sales to 
this group. 

A graphical interpretation of the solution 
is given by Figures | and 2. In Figure 1, the 
demand curves for_representative members 
of groups R and R are shown. With price 
set at p* and capacity set at Q*, the con- 
sumption of the member of R will be at Q*, 
below his/her preferred consumption. The 
consumption of the member of R is qF, 
which is all that will be voluntarily con- 
sumed at price p*. In deciding whether to 
expand capacity, say to Q* + AQ, the firm 
will only consider individuals in set R, since 
at p* only such individuals will consume 
additional output. If the shaded area shown 
in Figure 1, when multiplied by the number - 
of members of R, exceeds cAQ, capacity 
expansion is warranted; otherwise it is not. 
Since n( R} is a decreasing function of Q, a 
unique optimum capacity exists. 

In Figure 2, we show the price-setting 
process. With capacity fixed at Q* an in- 
crease in price of Ap will yield Q*Ap ad- 
ditional revenue from each member of R 
(they do not reduce their purchases because 
of excess demand at p*). This increase in 
revenues must be compared with the loss of 
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Figure 2 





revenues from increasing price to the low- 
demand set.’ The latter, for a typical in- 
dividual, is given by the shaded area under 
the marginal revenue curve between q? and 
(q*—Aq); that is, that loss of sales caused 
by the price increase. The price p* will be 
optimal only if the total losses obtained by 
ageregating over the low-demand set cancel 
the gains derived from the high-demand set. 

Let us turn to the welfare implications of 
this solution. First, the solution violates ef- 
ficiency because those in set R are denied 
access to the complete bundle of services, Q, 
which are produced. Second, the solution is 
inefficient because, at the margin, the sum 
of individual marginal benefits, as measured 
by demand price, exceeds the marginal cost 
of producing an additional unit of public 
good. The very fact that nonmarginal mem- 
bers of set R have excess demand means 
that they would be willing to pay more than 
p* for an additional unit. Yet, because the 
same price must be charged to all members 
of R, this excess demand cannot be re- 
flected in additional output.. 

The results of this model are quite similar 
to those reached by Oakland for the com- 
petitive case. However, a comparison of the 
results of the cases is best deferred until 


later in the paper when the behavioral as- 


sumptions of the two approaches are more 
consistent. i 


TTo be at a maximum, it is clear that thcse in the 
- low-demand set must be in the elastic portion of their 
demand schedules (in the aggregate). 
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Three principal conclusions of the uni- 
form price model can be drawn: 

1) Consumers will be divided into two 
classes: those which are rationed by price 
and those rationed by output. 

2) Only those consumers who are ra- 
tioned by output will be relevant to the 
output expansion decision, and their de- 
mands will be reflected by price rather than 
marginal revenue. 

3) The solution will not be Pareto effi- 
cient. The allocation of existing output will 
be inefficient because some consumers are 
excluded from consuming the total amount 
of good available. The level of output will 
be suboptimal because the profits of the 
firm fail to reflect the excess demand price 
premiums of some consumers. 

That these conclusions are quite robust to 
the assumptions of the model will be evident 
below. 


Il. A Variable Price System 


Thus far the analysis has proceeded under 
the assumption that the firm will. charge a 
uniform price. We now relax this condition 
and assume that the firm is able to vary 
price with the quantity purchased. As be- 
fore, however, we continue to assume that 
the firm does not discriminate among in- 
dividuals. That is, the same price schedule 
must be available to all consumers. 

The problem confronting the firm is to 
choose the revenue schedule R(q) which 
will maximize 


> R(q‘)—cQ 


i=] 
subject to 
(11) q’<Q 


and individuals’ demand behavior. Individ- 
uals are assumed to maximize u'(x',q') sub- 


' ject to 


(12) x'+R(q')<J' 


where x‘ is a composite private good whose 
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price is assumed to be unity, u° is the in- 
dividual’s utility function, and 7’ is his/her 
income. The solution to the individual is 
given by (12) and 


(13) u,/u,=R'(q') 


where u, and u‘ are the marginal utilities of 
public and private goods, respectively. The 
constraints on the firm are thus equations 
(11)—(13). 

A graphical representation of the key ele- 
ments of the problem is given in Figures 3 
and 4. Let us assume initially that all in- 
dividuals have identical tastes and incomes. 
In Figure 3, the curve labelled UŽ repre- 
sents the level of satisfaction which would 
be achieved with zero consumption of the 
public good. For this situation the monop- 
olist would set R(q) such that the con- 
sumer’s budget restraint would coincide with 
the U curve. This implies the marginal 
price schedule, R’(q), of LC in Figure 4. 
Because the consumer’s marginal rate of 
substitution is nonincreasing everywhere on 
Us‘, the R’(q) schedule is also nonincreas- 
ing. 

Next let us assume that individuals fall 
within one of two taste-income groups, A 


and B. The curve UŽ in Figure 3 shows the 


zero public good utility level for those in B, 
while Uj‘ serves that role for A. Suppose 
initially that the monopolist sets R(q) such 
that those with income Jj’ consume q, and 


p=R(q) 
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those with J? choose to consume total 
capacity Q. This could be accomplished by 
an R(q) schedule which makes the budget 
line of A coincident with U% up to q, and 
coincident with UŽ in the range q, to Q, 
where UF is the utility members of B would 
attain if they purchased q, at the same terms 
as members of A. That such a policy 
dominates any other for the consumption 
bundles g, and Q can be seen from Figure 
3. Clearly, the policy of running type B 
individuals down their indifference curve 
beyond q, is optimal because this will have 
no effect on A’s choices. Suppose that gq, 
were offered to A on more favorable terms 
so that they enjoyed some consumer sur- 
plus. This means that the budget line con- 
fronting B would be shifted upwards at con- 
sumption g,— above the point K (where the 
curve IŽK = IU). This implies a utility level 
for B at g, which is greater than UŽ, say 
U;?. But this means that at Q members of B 
will consume more private good. Since both 
A and B enjoy an increase in private good 
consumption, they must be spending less on 
the public good. 

The marginal price schedule correspond- 
ing to the budget line J7KJ is given by 
LTWE in Figure 4. Notice that the price 
schedule jumps upward at q,. This is due to 
the assumption that the income elasticity for 
the public good is positive; hence, the slope 
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of B’s indifference curves at q, exceeds. that 

of A (on. Už at q,). Beyond the discontinu- 
ity, the marginal price schedule falls as be- 
fore along WE. 

To determine whether q, is the profit- 
maximizing consumption for members of A 
given capacity Q, we compare the costs and 
benefits of extending consumption by Ag, as 
in Figure 4. Members of A will pay ¢,7V(q, 
+Aq) for the additional consumption. In 
order to induce members of A to consume 
the Ag units, the monopolist must reduce 
the marginal price on these units. This re- 
sults in a loss of TWPV from members of B. 
However, the latter is partially offset by an 
increase in willingness to pay for the re- 
maining units, from the locus PE to SD; the 
monopolist thus earns an additional PSDE 
on those units per member of B. If n4 and 
n® correspond to the number of individuals 
in groups A and B, respectively, the change 
in the monopolist’s total profit (II) is 


All=n,°q,TV(q,+4q) 
-na| TWPV—PSDE 


For maximum profits this expression must 
be.zero. This expression can also be inter- 
preted in terms of Figure 3. The increased 
sales to A are given by 1,UM, which for 
small Aq is n; p âq where p, is the marginal 
price faced by A at q,. The loss in revenue 
from B is given by n,JH, the increase in 
private good consumption caused by the 
reduced marginal price on the Ag units. 
Because q is normal, JH must be less than 
FG. But we have FG=p,Aq; hence the 
_change in the monopolist’s revenues is 


AIl=(n,p;—yngp2)Aq 


with y<l. The condition for maximum — 


profits is 


P2 na 


Unfortunately, this solution is not ia closed 
form since y itself depends upon n4 and np. 
Hence, it is not possible to ascertain from 
the graphical analysis so far whether an in- 
crease in n4/np will raise or lower p/p. 
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The preceding analysis makes it clear that 
the capacity expansion decision has the 
properties of the uniform price model. Fig- 
ure 3 indicates that changes in Q only in- 
volve the marginal valuations of those in the 
high-demand class. In effect, the choice of 
capacity is independent of the inframarginal 
prices charged for consumption. Hence, as 
long as it is profitable to exclude members 
of A from some part of total output, they 
are irrelevant for the choice of capacity. 

‘The introduction of additional income 
classes into the model will not change the 
essential characteristics of the solution de- 
scribed above. Discrete differences in in- 
come will always cause the discrete jumps in 
marginal price such as TW in Figure 4. As 
income differences narrow, however, the size 
of the jump will also narrow until they dis- 
appear altogether with a continuous income 
distribution. Unfortunately, however, the 
analysis of the type used in Figures 3 and 4. 
is incapable -of predicting whether the 
marginal price schedule, R’(q) will be in- 
creasing or decreasing. Indeed, even in the 
two-class case it is not possible to infer 
whether points such as L lie above points 
like W. Since, with a continuous income 
distribution, the optimum price schedule 
would be the locus of points like L and W, 
it seems clear that in general nothing defi- 
nite can be said about the slope of R’(q). 
Fortunately, however, other tools of analysis 
enable us to obtain specific results under a 
broad set of conditions. It is to this task we 
now turn. 


A. An Optimal Control Approach 


Considerable insight into the problem can 
be gained by casting the problem into the 
framework used by James Mirrlees to ad- 
dress the problem of optimal income taxa- 
tion. In this approach, a criterion function is 
maximized subject to the constraints im- 
posed by consumer market behavior. As be- 
fore, we assume consumer preferences to be 
represented by a continuously differentiable 
strictly concave utility function u(x,q). Al- 
though they have identical tastes, incomes 
of consumers vary continuously in the closed 
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interval [J*, J**] according to the density 
function f(/).° 
The maximand of the firm thus becomes 


f RI q(1) | f(T )dI— cQ 


Since aggregate income Y can be taken to 
be fixed, the consumer’s budget constraint 
can be used to write the maximand as 


Y- f PDA) dI— cO 
P 


Hence, the maximization of the monopolist’s 
revenue is equivalent to the minimization of 
aggregate consumption of the private good. 
To obtain the constraints imposed by 
consumer market behavior, we totally dif- 
ferentiate the utility function to obtain 


du i dq 
(14) == [ —u,R (q)+u, | J +u, 


which, using (13), reduces to 
du 
(5) F =u) al) 


Since this constraint on individual behavior 
only contains information from the first- 
order conditions of the consumer problem, 
it is conceivable that the firm’s solution to 
its optimal pricing problem may not be con- 
sistent with consumer’s choices. Such would 
be the case if the public good is “normal” 
(i.e., has positive income effects) and if the 
firm’s solution is such that dq/dI <0 in some 
interval. 

To see this, suppose that in the interval 
[J,,/,] the firm would like to have dqg/dI <0. 
This means that there is some income level 
I,<JI, for which g(J,)=q(J,). Since q is 
normal and since the same price schedule 
must confront consumers, the price schedule 
must have a corner at q(J,). If it does, 


8Alternatively, it could be assumed that people have 
identical incomes but varying tastes. Such an approach 
would yield conclusions similar to those of this paper. 
It would be desirable to allow individuals to vary in 
both dimensions, but so far such an approach has not 
proved tractable. 
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however, the consumer at income level /, 
will also choose (7), which is inconsistent 
with the firm’s plans. Since the assumption 
of normality for the public good is reason- 
able, the firm’s choices must be restricted 
such that dqg/dI>0. This will be done by 
defining v=dg/dI and requiring v>0. 
Whenever this constraint is binding, the op- 
timal price schedule will have a corner point. 

The problem confronting the firm is to 
maximize profit subject to (15) and v > 0. By 
inverting the utility function, x= x(u,q), x 
can be explicitly eliminated from the prob- 
lem. The Hamiltonian is 


(16) H= —x(u,q)f(I) 
+Ou,(x(u,g),g)+po—So 


where ® and p are the costate variables 
associated with du/dI and dq/dI, respec- 
tively, and ô is the shadow price associated 
with the constraint on v. 

The necessary conditions associated with 


(16) are 


(17) È =(f1)-Ou,,) E 


(18) # acai “£( f(1)—Ou,,) -Dung 


(19) p—8<0; v(p—8)=0 


In addition we have the transversality con- 
ditions 


(20) @(/**)=0 
(21) p(I**)=—c 
and the initial condition, 

(22) u(I*) > u(I*,0) 


These boundary conditions have straightfor- . 
ward interpretations. The term ®(J) repre- 
sents the cost of increasing utility to the Jth 
income class. Since this cost reflects the 
additional amount of x which is given to 
higher income classes as the result of the 
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increased utility of the Jth class, it obviously 
vanishes at the top. Similarly, —p corre- 
sponds to the benefits of increasing public 
good consumption for the /th class. Since 
the public good is always fully consumed by 
the J**th class (otherwise productian could 
be reduced), the only way of increasing its 
consumption is to produce additional units. 
Equation (21) simply states that marginal 
benefits equals marginal cost. Finally, equa- 
tion (22) states that the utility of the lowest 
income class can never be less than that 
which they could achieve by not consuming 
the public good. 

Let J, be the lowest income class that 
consumes the total quantity of public good 
produced. It -can be shown that (proofs are 
given in the Appendix): 


PROPOSITION 1: To maximize profits the 
firm must set the price of the last unit of 
output equal to marginal cost of production 
divided by the number of individuals consum- 
ing that unit. That is, 


(23) - R(Q)= MOP) 


where N(i, j) is the number of individuals with 
incomes between i and j. 


PROPOSITION 2: The monopolist will 
choose a level of output which is suboptimal in 
the Pareto sense. That is, 





(24) i =! Oar 


Expression 23) is identical to the condi- 
tion (7’) derived in the uniform price case. It 
implies that, at the optimum, marginal cost 
equals total revenue from selling the last 
unit of g. 

Proposition 2 implies that consumers 
would be capable of bribing the firm to 
produce additional units of output. They 
cannot do so, however, because this would 
require personalized prices. The firm, by 
assumption, must charge the same price 
schedule to all customers. 
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PROPOSITION 3: Jf f(1) is continuous and 
it is desirable to exclude some individuals 
entirely from the consumption of the public 
good, the profit-maximizing price schedule 
does not contain a fixed charge. That is, 


lim R(q)=0 
q->0 


Let the lowest income class consuming 
the public good be /,>1*. The existence of 
a fixed charge means that consumers with J, 
must be given a discrete bundle of q to 
compensate for the charge, since the indi- 
vidual has the choice of not consuming the 
public good. Hence g(J) must be discon- 
tinuous at J,. As shown in the Appendix this 
is inconsistent because of the continuity of 
the Hamiltonian in u, J, and g. 

If all consumers consume some positive q, 
or if f(I) is discontinuous, a fixed charge 
may be consistent with profit maximization. 
However, the monopolist could do just as 
well with a variable price schedule which 
moves individuals with 7* -along the indif- 
ference curve u(J*,0) as was done in con- - 
structing Figure 4. In this sense, therefore, a 
fixed charge is never essential for profit 
maximization. 


B. Separable Utility Function 


It is difficult to determine other properties 
of the profit-maximizing price schedule 
without placing additional restrictions on 
the utility and density functions. In this 
section we consider the special case where 
the utility function is separable. Since cross 
derivatives are zero, (17) and (18) can be 
combined to yield 


(25) © d@/dIl== —udp/dI 


Hence, dp /dI=0 implies that d®@/dI =0 and 
that (17) or (18) can be solved to obtain x as 
a function of J alone. Now dp/dI=0 
whenever 6=0 (i.e., the dg/dI > 0 constraint 
is not binding). Because the Hamiltonian is 
linear in v, p=0 whenever 6=0; otherwise, 


the Hamiltonian could be increased without 


bounds. 
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Thus, in any open interval such that d=p 
=0, we have from (17) 


(26) u,(x)=f(I)/® 


Since ® is constant we are able to solve for 
x in terms of J. This yields the following 
proposition. 


PROPOSITION 4: Consider the interval 
[I,,1,] such that q(1)=0, I< Tp, and qU)= 
Q,1I>TI,. If the utility function is separable 
and the density is differentiable and nonde- 
creasing, consumption of the private good will 
be strictly nonincreasing in the interval and 
marginal price, R’(q), will be everywhere fall- 
ing. 


How can we explain this tendency for the 
marginal price to fall? Recall that at points 
where 5=0, the firm is free to choose q so as 
to maximize the Hamiltonian. Since the 
latter, in the separable case, implies d®/dI 
=Q, the indirect cost of decreasing the price 
of g to obtain more revenue from a class is 
confined to those individuals who consume 
capacity, QO. Hence, the cost is the same 
for all classes for whom q<Q. The direct 
benefits of reducing price to a class, on the 
other hand, is proportional to the numbers 
of members in the class, f(7); hence, this 
consideration differentiates among classes 
when deciding whether to reduce its mar- 
ginal price. In the case where f(/) is constant, 
x will be constant. But with increasing q this 
can only be achieved by falling marginal 
prices. If f’(1)>0, dx/dI<0, requiring an 
even more sharply falling marginal price 
schedule. | 

If x(I) is increasing (as would be the case 
if f’(7)<0), the behavior of marginal prices 
may be ambiguous. Necessary and sufficient 
conditions for the marginal price schedule 
to be increasing are derived in the Appen- 
dix. These conditions are 





din f(I) P 
u u 
e) 1>— Ai Z 0s 
nu, Ugg tUugu,. 
dx 
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If the right-hand side inequality is not satis- 
fied, marginal price will decrease as before. 
If the left-hand side is violated, the marginal 
price schedule will be discontinuous. At such 
points the firm would prefer that dq/dI<0, 
but is restrained by individual choice from 
doing so. It is easy to see that at such 
points g, 

lim R'(q)> lim R’(q) 

q->q* qq" 


That is, marginal price is lower on the left- 
hand side of the discontinuity than on the 
right. Otherwise, dg/dI>0 because of the 
convexity of the individual’s indifference 
curves. In this sense, then, we can state that 
if the right-hand side of (27) is satisfied, 
marginal price will be increasing. 

While we have restricted attention to cases 
where f(/) is monotonic, it is possible to use 
these results to infer the shape of the price 
schedule when individuals are distributed in 
other ways. One pattern of obvious impor- 
tance is where f’(J)>0 to begin with but 
with f’(7)<0 at higher income levels. In all 
such cases we are able to show that if indi- 
viduals in the rising portion of the income 
distribution are allowed to consume at all, 
the marginal price schedule will be initially 
falling. Whether or not prices eventually 
increase, however, depends upon how fast 
density falls off relative to the decrease in 
U ex 


1I. Comparison With Competitive Results 


A central assumption of this paper is that 
the firm must offer the same price schedule 
to all customers. This assumption is quite 
similar to that employed by Oakland in 
analyzing the problem under the assumption 
of free entry. A major result of his 1974 
study was that consumers would face a ris- 
ing price schedule for the public good. The 
price for successive units of consumption 
rises because the degree of utilization of 
successive units declines. Free entry and the 
requirement that profits be nonnegative on 
each unit of public good imply that the 
price of the marginal unit consumed by an 
individual satisfies 


(28) R(q)=c/n 
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where c is the cost of production and n is 
the number of. individuals with total con- 
sumption at least as great as that of the 
particular individual. Since n will be a non- 
creasing function of q, R’(q) must also 
be nonincreasing. These price differentials 
among the various units of consumption 
cannot be eliminated by arbitrage because 
individuals will naturally consume those 
units with lower prices first. Hence, an indi- 
vidual whose marginal consumption price is 
high cannot trade with individuals whose 
marginal price is low. . 

- In the context of this paper, (28) is equiv- 
alent to 


(28) Rg) = To sI< K 


-C 
NC, I**) 


where 75 and J; are the lowest income classes 
consuming any and all units of the public 
good, respectively, and Jj and J; are de- 
termined by ' 


C u,(1,0) 


(29) I= min v7 A u (TO) 
m c u (4D), x(I)) 
(30) Ao PN, TA) S uah xD) 


Thus, those with J<Jj are unwilling to pay 


the price that competitive firms require for 


the first unit of output, while those with 
I> TI; are unwilling to pay the marginal cost 
of capacity expansion if charged a common 
price. 

A central feature of the competitive solu- 
tion is that each unit of public gocd yields 
revenue exactly equal to its cost of produc- 
tion. Alternatively, each unit is sold at the 
lowest price consistent with nonnegative 
profits. Moreover, since N(J, J**) is nonin- 
creasing and g(/) nondecreasing, R“(q) is a 
nondecreasing function of both g and J. 

How do the monopoly and competitive 
solutions compare? In what follows, we shall 
establish 


PROPOSITION 5: The monopoly marginal 
price schedule lies somewhere above and no- 
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where below the competitive solution, that is, 


(31) Rala) > R@) 


R,Aq)>R(q) some q in [0, Q] 


where the c and m subscripts refer to competi- 
tion and monopoly, respectively. 


0<q<Q 


If the monopoly solution is nonincreasing, 
the proof is simple. The opposite slopes of 
the schedules together with (23) and (28’) 
directly imply the proposition. To prove the 
general case we first show that the monop- 
oly solution can never lie below the compet- 
itive price schedule at the outset; i.e., R’,,(0) 
> R’‘(0). Suppose the contrary were the case. 
By construction the competitive price is the 
lowest consistent with nonnegative profits 
for the first unit. Hence, the monopolist 
must suffer a loss on this unit. This is incon- 
sistent with profit maximization because the 
firm can do better by producing one unit 
less and defining a new price schedule, 
Rala) = Ral tD Ral), for g=1, 

.,Q—1. Thus, for example, we have 
R’,(0)= R! (1), etc. Because the demand for 
the public good is normal, no individual will 
reduce his/her total purchases by more than 
one unit when the new price schedule is 


substituted for the old.° It follows that the ~ 


monopolist’s revenues from the Q—1 re- ` 
maining units are no lower than before— 
indeed, they will be higher. Since it avoids a 
loss on the original first unit, therefore, the 
new price schedule R’ (q) is more profitable 
than Rj(¢). 

The implication of the preceding result is 
that if the monopoly price schedule is to lie 
below the competitive schedule in some 


°To prove the first part of Proposition 5, note that 
R,A(Q)—-R(Qtl)=—R m(1) <0. Hence, for any q, 
private good consumption x is greater than before, say, 
X(q)>x(q¢+1) for all J. Because, of the normality of 
the demand for q and x, the absolute value of the slope 
of an individual’s indifference curve through the point 
(X(q),q) is greater than that through (x(q+ 1), q+1). 
Since the slope of the price schedule at the two points 
is equal (by construction) and the price schedule is 
tangent to the indifference curve at (x(q+1), q+ 1), it 
follows that the individual will consume more than q 
under the price schedule R„(q). Hence, consumption is 
reduced by less than one unit. 
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R'(q) 





qı Go 


Q-q4 q, Q 


FIGURE 5 


range, the former must intersect the latter 
from above at at least one point. This is 
shown in Figure 5, where for simplicity, 
linear marginal price schedules are shown. 
The monopoly schedule MM’ intersects the 
competitive schedule CC’ at q. Because of 
the normality of demand for q, the marginal 
income class at the point of intersection, q,, 
must be lower under competition than un- 
der monopoly. Hence, the number of indi- 
viduals consuming the gjth unit must be 
larger under competition. Since competitive 
firms break even on all units, the monop- 
olist must suffer a loss on the gjth unit. 
This will be true of units g>q, such that 
N(1(q), I**) 2 NU,(@), I**); for not only 
will the monopolist be selling to fewer indi- 
viduals but receiving a lower price as well. 
Thus, if the monopoly price schedule is 
profit maximizing, there must exist some 
q.>q, such that the number of individuals 
consuming the last unit is equal under both 
market arrangements. Otherwise, it would 
be profitable for the monopolist to cease 
production at q,. If such a q, exists, the 
monopolist can increase profits by reducing 
output by (q¢,—q,) units and setting the 
marginal prices for units q, +A at the same 
levels as it did for q, +k units before with 
h>0O. This is shown by the curve MBAM” 
of Figure 5. Just as in the case of the first 
unit, consumers with incomes greater than 
T,{92) will decrease their purchases by no 
more than q,—q, units. Of course, those 
with [<J,,(q,) will purchase just as before. 
Hence, the firm avoids the loss on the q,—4q, 
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units and at the same time suffers no loss in 
revenues on its remaining units. Since this 
argument can be applied whenever the mo- 
nopoly schedule intersects the competitive 
schedule from above, the proposition is 
proved in its weak form, i.e., R4,.(q) > R (q). 
That the strict inequality will hold for some 
q follows from the observation that the 
monopolist can always do better than em- 
ploying the competitive price schedule. 

Given Proposition 5 it is trivial to estab- 
lish the next proposition. 


PROPOSITION 6: Monopoly output will al- 
ways fall short of competitive output. 


This follows directly from the normality 
of demand.for the public good. Elsewhere 
(see Oakland) competitive provision of ex- 
cludable public goods was shown to lead to 
suboptimal production and underutilization 


‘of those goods actually produced. Proposi- 


tion 6 states that underproduction is made 
even worse by monopoly provision. The 
problem of underutilization is also ex- 
acerbated because with the higher prices, 
monopoly will result in greater exclusion 
from the stock of goods in existence. 

While the result that monopoly is less 
efficient than competition is not new in eco- 
nomic analysis, it is important that it be. 
rigorously demonstrated for the case of ex- 
cludable public goods. For the existing liter- 
ature on the subject has provided many 
unorthodox conclusions. Indeed, using a 
different framework, Thompson (1968) ar- 
gued just the opposite about the relative 
efficiency of monopoly and competition. 
The source of the difference in our effi- 
ciency conclusions stems from differences in 
assumptions about the firm’s ability to dis- 
criminate, 

In this paper, the firm can discriminate 
only among units of output, not among in- 
dividuals per se. Thompson’s firm, on the 
other hand, could discriminate in both di- 
mensions. Since a perfectly discriminating 
monopolist can charge each customer his / 
her marginal valuation for each unit, it 
follows that the resulting allocation is eco- 
nomically efficient. However, the informa- 
tional requirements for pursuing perfect 
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price discrimination are so vast as to cast 
doubt on the practical significance of argu- 
ments based upon it. By way of contrast, 
our approach requires only that the mo- 
nopolist have information about the income 
elasticity of demand for its product. Even if 
it totally lacks such information, however, 
our analysis of the uniform price policy 
suggests that the basic efficiency shortcom- 
ings of monopoly provision will remain. 


IV. Concluding Remarks 


Our primary objective in this paper was 
to explore the characteristics of monopoly 
provision of excludable public goods. One 
of our most important conclusions is the 
profitability of nonuniform price schedules. 
In particular, there are powerful forces which 
give rise to quantity discounts. Such a prac- 
tice is not without empirical precedence; 
declining block structures are commonplace 
in the public utility arena. To date such 
practices have been explained by models of 
interpersonal price discrimination. Our anal- 
ysis indicates that declining price structures 
can be explained without appealing to 
market segmentation. 

In addition, the paper makes a methodo- 
logical contribution. In particular, the tech- 
nique developed here can be used with minor 
modification to explore pricing behavior for 
private goods. The assumption of a uniform 
price in imperfect markets can only be 
justified historically in terms of analytic 
convenience. However, with economists be- 
coming increasingly familiar with the princi- 
ples of optimal control, models which pro- 
vide for non-linear pricing arrangements 
should be increasingly emphasized. 


APPENDIX 


The problem confronting the firm is 
[** 
max Y- f x(u,q)f(I)dI— cQ 
[* 


subject to du/dl=u,(x(u,q),q); dq/dl=v 
20; g<Q. The Hamiltonian for this prob- 
lem is 

(Al) H=—x(u,q)fUZ) 


+ Ou,(x(u,q),q) +po—de 
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where ® and p are the costate variables 
associated with du/dI and dgq/dI con- 
straints, respectively, and 6 is the shadow 
price associated with the nonnegativity con- 
straint on v. The costate variables must 
satisfy the differential equations 


az =- IESNI- bun] 

(A3) 
P aH m Ha 
dad aq ag [ JC) Dus] u, Pu, 


and the transversality conditions 


(A4) @(1**)=0 
(A5) p(I**)=—c 
The first-order conditions are 
(A6) p—ô<0 
(A7) o[ p—ô]= 


Note that the first-order conditions imply 
that if p<0 then <0, and v=0. Also if 
5=0 in some closed interval [Z,, J,] then 
p=0in [J), J,] and dp/dI=0 in (J,,/,). This 
implies that if the v>0 constraint is not 
binding, 


(A8) [f(1)—-%u, gi Owe, =0 


almost everywhere. This would be the first- 
order condition if q were a control variable. 

Equation (A2) can be solved by introduc- 
ing an integrating factor of the form 


kü., 
Al, k)=exp | ds 


The solution to the differential equation is 


_O(*) +f. is) a 


D= eT or 


where ®(J**)=0 implies that 





(A9) &(1)=- f EE f = ds 
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and (I) depends only on higher income 
classes. Furthermore since ®(J**)=0 and 
®(1)>0 implies db/dI>0, it must be that 
®(7)<0 for I< J**, 

Equation (A3) can also be integrated. If 
dq/dI>0, p=0; so consider the lowest in- 
come class, J,, for which g=Q; for all I> J,, 
x(I)=x(1)+(I—1) and qg=Q. This per- 
mits the integration by parts of the follow- 
ing expression which is obtained by combin- 
ing (A2) and (A3). 


Br | Gets Q)4 Pad O)| 





(A10) p(I)-p(1,)= -@(s)u,(s) ; 





+f ait u (s) ds 





1d®(s) 
-f 7 ug(s)ds 


The two integrals cancel and since p(J **) = 
—¢, p(1,)=0 and @( [**)=0, : 








(A11) ®(1,)u,(I,)=—c 
For I>], 
(A12) 
B a ae 


Combining equations (A9), (A11), and (A12) 
yields 


u (1) 
u(i) I 


This proves Proposition 1. 

To prove Proposition 2, note that the 
normality of the public good requires 
that u(7)/u,(1)>u,(1,)/u,(1,) for all I> 
I,. Thus 


(A14) 


reu(s) ree u) 
paoa cae 





(A13) (8) ds=c 
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To prove Proposition 3 suppose the con- 
trary; the continuity of u(x,q) and the ex- _ 
istence of a fixed charge imply that g*(J))> ` 
0 and 0A[I,, g*(1,)]/9qg=0. The continuity 
of f(T) implies that 0H /dq is a continuous 
function of J. This together with the concav- 
ity of H implies there exists 0<g9<q*(J,) 
such that dAM(/,,¢)/dq>0. This. implies 
there exists some ball B.(J,,4) such that 
OH, g)/9q>0 for all J, q in B (Io, G7). Con- 
sider some I< To in B(T, 9), H(I, g)/dq> 
0 for all J in (Z, I,). The condition that H is 
concave implies that 0H(/,0)/dq>0, for I 
in (Z, I), which implies that dp/dI<0 in 
(1,[o). The condition that q*=0 for J in 
(I, I) implies p(1)<0 for 7 in (J, Io), so 
dp/dI<0O in (J, I,) implies p(J,)<0. This 
implies that g*(J,)=0 which is contrary to 
assumption. 

If the utility function is separable then 
equations (A2) and (A3) can be combined 
to yield 


AO ai 
di di 


Since dp/dIl=0 almost everywhere if the 
v> 0 constraint is not binding, ®*(/) is a 
constant almost everywhere over the same 
interval. 

In the interior of any interval- gher 
dq* /dI>0, the problem can be treated as if 
q were the control variable; thus in the 
interior of such an interval it is necessary 
that the Hamiltonian satisfy first- and sec- 
ond-order conditions for a maximum. Thus, 


(A15) 


(AO [-/(1) +u] =0 
and 

ax \? 

* eee 
(A17) ® | =] <0 . 


Since @* <0, (A17) can hold only if u, >0. 


XXX 


Note that u,,..>0 implies a condition simi- 


lar to decreasing absolute risk aversion in 
the uncertainty literature. If u,,,<0, the 
firm’s optimal strategy is to set a single, 
all-or-nothing change for total Q. Differenti- 
ating (A16) with respect to J yields 


(A18) 
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Since u,,,>0 and ®*<0, F'(I )>0 implies 
dx/dI <0. This proves the first part of 
Proposition 4. Individual maximization im- 


plies that R’(q)=u,/u,. Thus 
' : u A i u a 
nina _ 1 *dl 2% ** dl 
(A19) R"(q) = — 
(uxx) 


Since dqg/dI>0 for an interior solution, and 
dx /dI<0, R”(q)<0. This proves the sec- 
ond part of Proposition 4. 

If f’(7) <0, (A18) shows that x(J) will be 
increasing. Using the individuals budget 
constraint, we can reexpress (A19) as 


(A20) 
Ugg 2 [uputuu] 
R”(q)= A 
UUs. 


If dg/dI>0 (ie., dx/dI <1), we have R” SO 

as . 
2 

; uy qux 

(iy 15262 

dl < Uguz tus Ux 


Substituting: from:(A18)-and: (AIO) yields 


inequality (27) in the text. 


ai aa 1980 
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Taxation, Human Capital, and Uncertainty 


By JONATHAN EATON AND HARVEY S. ROSEN* 


The growth of tax rates on earned income 
has focused attention upon the impact of 
such taxes on work effort. The effect of 
taxes on hours of work has been the subject 
of both theoretical and econometric study.! 
The basic lesson of the theoretical literature 
is that the impact of taxation on hours of 
work is logically indeterminate because of 
the familiar conflict between income and 
substitution effects. Therefore, an enormous 
amount of econometric research has been 
done on this subject. Although there is a 
. disconcertingly high variance in estimates of 
labor supply elasticities, it would be fair to 
say that the consensus is that the response 
in hours of work to changes in the net wage 
is very small for prime age male earners.” 
However, “work effort” and “hours of work” 
are not synonymous. Even if taxes have 


little impact upon quantity of hours worked, — 


it is possible that they have an important 
effect on their quality. Examination of the 
impact of taxation upon human capital ac- 
cumulation may provide insight into the in- 
fluence of taxes on effective labor supply. 


*Princeton University, and Princeton University and 
National Bureau of Economic Research, respectively. 
We would like to thank Alan Blinder, George Borts, 
Willem Buiter, Yoram Weiss, and a referee for useful 
suggestions. Part of Rosen’s work on this project was 
completed while-he was a visiting fellow at the Institute 
for Advanced Studies, Hebrew University of Jerusalem. 
Financial support was provided by NSF grant SOC- 
7907847. An extended version of this article is available 
as a memorandum of Princeton University’s Industrial 
Relations Section with the same title. 

1The analysis of the leisure-income choice in the 
presence of taxation is discussed carefully by Richard 
Musgrave (ch. 11) and much of the literature is surveyed 
by the Organization for Economic Cooperation and 
Development. Michael Boskin (1976) has critically re- 
viewed empirical studies of the impact of taxes on 
hours of work. 

2See the studies summarized by Glen Cain and 
Harold Watts (pp. 332—33). However, the labor supply 
response of other groups such as married women is 
considerably higher. See Cain and Watts (pp. 336-37) 
or Rosen. 
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Not much work has been done on in- 
tegrating taxation into human capital analy- 
sis. Boskin (1975) studies a model of indi- 
vidual lifetime earnings maximization and 
shows that a proportional wage tax has no 
effect on human capital. James Heckman 
and John Driffill note that income (as op- 
posed to. earnings) taxes will change the 
optimal amount of human capital because 
they change net discount rates. These results 
are all obtained from models in which the 
returns to human capital investment are 
known with certainty. However, as David 
Levhari and Yoram Weiss emphasize, un- 
certainty is of paramount importance in hu- 
man capital investment decisions. Although 
the taxation of nonhuman capital under un- 
certainty has been studied extensively (see 
James Tobin or Joseph Stiglitz), it will be 
explained below that results from this litera- 
ture do not carry over to the human capital 
case. One of our main goals is to analyze 
theoretically the effect of taxation on hu- 
man capital accumulation in a model which 
explicitly allows for uncertainty. 

A closely related issue is the optimal taxa- 
tion of earned income. Previous studies of 
efficient earnings taxation have treated re- 
turns to human capital as certain (see 
Nicholas Stern and Janusz Ordover). How- 
ever, to the extent that introducing uncer- 
tainty changes behavioral responses to taxes, 
it may change optimal tax rates as well. A 
second major purpose of this paper, then, is 
to explore the problem of efficient taxation 
in the uncertainty model. l 

In Section I, we begin by studying a sim- 
ple certainty model of human capital accu- 
mulation and contrast the tax implications 
with those of the corresponding uncertainty 
case. In the basic model with certainty and 
fixed labor supply, human capital invest- 
ment is unaffected by a proportional earn- 
ings tax. This is because the tax reduces 
proportionately the costs of investment as 
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well as the returns. Under uncertainty, how- 
ever, the earnings tax affects human capital 
investment in two ways. First, it changes the 
riskiness of human capital. Second, it gener- 
ates an income effect which may influence 
the individual’s willingness to bear risk. 
After proving these propositions, we ex- 
amine a number of extensions of the basic 
model, and ascertain how they influence 
the tax sensitivity of human capital accu- 
mulation. 

Section II discusses the problem of opti- 
mal earnings taxation when the returns to 
_ human capital are uncertain. We show that 
under uncertainty the efficient earnings tax 
rate may exceed zero, even when lump sum 
taxation provides an alternative source of 
revenue. This finding contrasts, of course, 
with the well-known result from the optimal 
tax literature that, under certainty, lump 
sum taxation provides the most efficient 
means of raising revenue. The difference 
arises because the market fails to insure 
against the risk associated with human 
capital. The government, via the earnings 
tax, acts as insurer and thus increases 
welfare. 


I. The Effect of Taxation on Investment in 
Human Capital 


This section analyzes the effect of income 
and earnings taxation on the accumulation 
of human capital. Part A develops a model 
of human capital accumulation and savings 
under certainty and derives propositions on 
the effect of taxation on human capital in- 
vestment. In Part B we consider the effects 
of taxation when the return on human 
capital is stochastic. To focus upon the ef- 
fects of uncertainty, the decision to invest in 
human capital is treated in isolation from 
savings decisions and the labor-leisure 
choice. The effects of taxation on invest- 
ment in human capital when savings and 
leisure are endogenous are considered re- 
spectively in Parts C and D. 


A. The Certainty Case 


Let us begin by analyzing human capital 
accumulation when its returns are certain. 
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Although some of the certainty results have 
appeared before, it is useful to review them 
briefly, both to have a clear statement and 
to set the stage for the uncertainty case. 

We assume that an individual’s produc- 
tive life is divided into two periods, each of 
which contains one unit of productive time. 
In the first period he allocates a proportion 
H of his productive time to the accumula- 
tion of human capital.? He receives no con- 
temporaneous compensation for this effort 
either in the form of remuneration or utility. 
These foregone earnings are the only costs 
of accumulating human capital.* In the re- 
maining 1—H share of his productive time 
in period 1 the individual earns a pretax 
wage rate w’. Pre-tax labor income in the 
second period of his working life is given by 
h( H), where h’>0 and h” <0. Thus, human 
capital investment increases earnings capac- 
ity, but at a diminishing rate.” 

In period 1, the worker earns an after-tax 
labor income of (1—¢) (1—H)w', where t 
represents the tax rate on earned income. 
He consumes an amount C". Individuals are 
endowed at the beginning of their working 
lives with an amount W' of nonhuman 
wealth. Accretion to nonhuman wealth in 
the first period is thus (1—4) (1 — H)w!— C}. 
In the second period, the worker earns after 
taxes (1—f)h(H). In addition, nonhuman 
wealth at the beginning of period 2 is given 
by 


(1) W2=(1+er)[W'+(1-H)dw'—c!] 


Here 0=1-—t and ¢=1-—r, where r denotes 

the rate at which interest income is taxed. 
The worker’s problem 1s to choose non- 

negative C! and H to maximize the smooth, 


3Throughout the paper, H is assumed to be non- 
negative—individuals cannot borrow human capital. 
We restrict our analysis to consider only interior solu- 
tions. 

‘This is a common assumption. See Heckman and 
especially Boskin (1975) for its justification. Although it 
would be possible also to allow for direct costs, this 
would complicate the analysis without adding any im- 
portant insights. l 

Contrast this to the problem of buying nonhuman 
capital, for which the gross rate of return is indepen- 
dent of the amount purchased. Levhari and Weiss 
emphasize this distinction and discuss its consequences. 
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increasing and concave lifetime utility 
function u(C!, C7), where 


(2) C?=6h(H)+W? 
constitutes total resources available for con- 
sumption or bequests in period 2. 


The first-order conditions for an interior 
maximum are 


(3a) 
(3b) 6u,| h’—(1+¢r)w'] =0 


u,—(1+¢r)u,=0 


Equation (3a) gives the usual condition that 
discounted marginal utility of consumption 
be equal in each period. Division of (3b) by 
§U,(>0) leads to the result that human 
capital investment occurs until the increase 
in the second-period wage from an addi- 
tional investment of one hour is equal to the 
return on saved earnings from period 1. 
Optimal H is thus independent of both the 
utility function and the rate at which wages 
are taxed, a result very similar to that ob- 
tained by Boskin (1975). 

Neutrality of H does not hold when period 
2 labor supply is endogenous. Work effort 
in period 2 in effect constitutes the utiliza- 
tion of human capital. To the extent that 
earnings taxation influences labor supply, 
then, it changes the return on human capital. 
We illustrate this more precisely in Part D 
below. 

Nor is H independent of r. Differentiat- 
ing (3b) with respect to r one obtains 


(4) a--% 


a positive number; increased taxation of 
interest income encourages investment in 
human capital. Since a proportional tax on 
earnings has no impact on optimal H while 
a proportional interest tax increases H, a 
proportional income tax, which is just a 
combination of both, must increase H. This 
result is similar to one found by Heckman 
in the context of a life cycle model of hu- 
man capital accumulation. It may at first 
seem counterintuitive that an income tax 
could actually increase H. However, as 
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Heckman points out, this makes sense once 
it is realized that: a) an income tax de- 
presses the after-tax rate of interest and, 
with deductability of interest payments, 
lowers the cost of borrowing; and b) fore- 
gone earnings costs of investment may be 
written off when incurred (p. 512). More 
intuitively, this is simply a substitution of a 
cheaper method of carrying consumption 
from period 1 to period 2. 

We have assumed, as did Heckman, that 
the pre-tax interest rate is unaffected by 
taxation. However, Heckman formulates the 
human capital problem quite differently. He 
views human capital accumulation as aug- 
menting the time endowment. In our model, 
the time endowment is constant and human 
capital increases the reward for spending 
time at work. Thus, in our model, investing 
in human capital in period | raises the op- 
portunity cost of leisure in period 2, while in 
Heckman’s it simply increases full income. 
Therefore, in our model, taxes on earnings 
which distort the human capital investment 
decision also distort the labor-leisure choice. 
In Heckman’s model, earnings taxes affect 
the labor-leisure choice only via an income 
effect. 


B. A Simple Uncertainty Case 


Given the substantial uncertainty sur- 
rounding human capital decisions it is natu- 
ral to ask how these results might change 
when the return to human capital invest- 
ment is random. The question of uncer- 
tainty in this context is of special interest 
since the risk associated with investment in 
human capital is typically neither insurable 
nor diversifiable. In many cases the market 
does not provide insurance against the 
vagaries of wage rates. Problems of moral 
hazard associated with insurance in general 
are especially pervasive in the insurance of 
human capital." The private insurer, unable 
to distinguish clearly between external events 


©The impact of uncertainty upon human capital 
investment has been discussed by Levhari and Weiss. 
Their analysis ignores taxation. 

7Kenneth Arrow discusses problems of moral hazard 
as they arise in insurance markets. 
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and the endogenous behavior of the insured 
party, would provide an incentive for an 
insured worker to work less hard, spend less 
time seeking a higher-paying job, or other- 
wise earn an income below potential. In 
such a situation the market is unlikely to 
provide insurance. 

Let us assume that period 2 pre-tax wage 
income is given by xh(H) where x is a 
random variable with a mean of unity and 
with support [a, b], where a@>0. As Levhari 
and Weiss note, this is a somewhat restric- 
tive way to model the randomness of human 
capital returns. Nevertheless, the multiplica- 
tive specification is a tractable one warn 
yields interesting results. 

We will also assume, for the moment, that 
period 1 consumption C! is given at C!. 
While this assumption does considerable 
violence to reality it simplifies the analysis 
and allows us to focus solely on the human 
capital decision. We study the interaction of 
the consumption and human capital ac- 
cumulation decisions under uncertainty in 
Part C. 

In period | the individual chooses an 
amount of human capital H to maximize 


(5) x= E| u(c!,c?)| 
where 
(6) C*=x0h(H) 
+(1+¢r)| Ow(1—-H) + W-E] 


The first-order condition for a maximum is 
given by 


(7) E(u,F)=0 
where 
(8) F=x6h'—(1+¢r)@w' 


is the difference between the expected re- 
turn on human capital and the return on 
nonhuman capital. 

Differentiating (7). with respect to ¢ and 
solving for dH /dt, we find 


(9) M E| ung FI) JE Uy, F?+u,0xh" | 
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where 
(10) I=xh(H)+(1+¢r)w'(i-H) 


is the sum of labor income in both periods 
expressed in period 2 units. 

Diminishing marginal utility of C? and 
concavity of k; which guarantee satisfaction 
of the second-order condition for a maxi- 
mum, imply the denominator of (9) is nega- 
tive, while the sign of the numerator is in 
general ambiguous. The sign can, however, 
be inferred from information on preferences 
and initial wealth. The following lemma is 
used to make such inferences: 


LEMMA: Given a random variable x with 
p.d.f. f(x) and support [a,b] and given a 
function g(x) with. the property that there 
exists an x*e[a, b] such that g(x) 20 for x> 
x* and g(x)<0 for x< x*, then, if 


f a(x) f(x)dx=0 


the expression 


an f "T(x)a(x)f(x)dx>0 (<0) 


if T(x) is uniformly increasing (decreasing). 
(A proof is provided in the Appendix.) 


To apply the lemma we rewrite the 
numerator of expression (9) as 


(12) E| (tt)/u2)Iu2F i 


where A=—u,,/u,, the degree of absolute 
risk aversion with respect to consumption in 
period 2. From (7), E(u, ,F)=0, Further- 
more, u, F satisfies the criterion for g(x) in 
the lemma that there exist an x* such that 
for x <x*,u,F <0 while for x > x*, u,F2>0. 
This is true since F is monotonically increas- 
ing in x while u, is always positive. At x*, 
then, F=0. Thus, via the lemma, expression 
(12) is positive or negative as d( Al)/dxs0. 
Since the denominator of expression (9) is 
negative, dH/dt is positive or negative as 
d( AlI)dx20. We now demonstrate: 


—E[ Alu, F] 


PROPOSITION 1: Jf period 1 consumption 
is heid constant, earnings taxation increases 
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investment in human capital if absolute risk 
aversion is constant. 


Under constant absolute risk aversion 
(CARA) set [=AIJ where A is now constant. 
Thus 

dT dI 


(13) =A =Ah(H) 20 


and the result follows from the lemma. 


PROPOSITION 2: If period 1 consumption 
is held constant and if relative risk aversion 
is constant, earnings taxation increases or 


decreases investment in human capital as W' 
2C! 
< . 


Under constant relative risk aversion 
(CRRA) set T=RI/C? where the degree of 
relative risk aversion with respect to period 
2 consumption, R= — at 2 Juz, is constant. 
Then 

dT d(C?) 
(14) dx ` s dx 


=Rh(H)(1+ọr XW- CY/(CF 


Since all the terms on the right-hand side of 
(14) are unambiguously positive except (Ww! 

-C' ), dT/dx has the same sign as (W? — 
C'), and Proposition 2 follows from the 
lemma. 

Propositions 1 and 2 make sense intui- 
tively. An increase in ź reduces both periods’ 
average wages in the same proportion, thus 
reducing C?. At the same time, increasing t 
reduces the riskiness of period 2 labor in- 
come. The second effect tends to increase 
investment in the risky asset (human capital), 
while the first, if absolute risk aversion is 
decreasing, acts to discourage investment in 
the riskier undertaking. If CARA obtains, 
the first effect is absent, because reductions 
in income do not reduce the individual’s 
willingness to bear risk, and hence do not 


8As ¢ increases, the individual gains less from high 
realizations of x, but also loses less when low values 
occur, Thus, risk is decreased. The reasoning here is 
similar to that employed by Tobin in his analysis of the 
effect of proportional taxation of, unearned income 
upon risk taking. Algebraically, if ø? is the variance of 
the pre-tax wage, then 87a? is the variance of the net 
wage, and the latter is less than the former since @< 1. 
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affect the human capital decision. Thus, 
only the second effect is. operative, which. ac- 
counts for the unambiguous sign of (13).” In 
the case of CRRA, if W? exceeds C}, then 
an increase in ¢ reduces C? by a smaller 
proportion than that by which it reduces 
period 2 wage income and the second effect 
dominates. The converse holds if W' is less 
than C!, 

Turning now to the effect of an increase 
in 7, the tax rate on interest income, we 
differentiate (7) with respect to 7 to obtain 


dH rE| u,(—Ow') +u FG | 
(15) a aca a 


where 


XHH 


(16) G=dw'(1—-H)+Ww'-—c! 


is nonhuman wealth at the end of period 1, 
and Xyy=9°x/3H?. The first term of the 
numerator is negative, while the second is 
positive for decreasing absolute risk aver- 
sion and G>0. The second-order condition 
for a maximum guarantees that the denom- 
inator is ‘negative. As in the certainty case, 
interest taxation lowers the average return 
on nonhuman relative to human wealth and 
thereby encourages human capital accu- 
mulation. Thus, there is a direct corres- 
pondence between the positivity of rE 
[u.(—Ow')]/x uy and expression (4). By 
lowering overall after-tax income of net 
savers, however, the tax discourages invest- 


_ment in human capital, the riskier form of- 


wealth. The interest tax, then, like the wage 
tax, generates a substitution effect which 
tends to encourage human capital formation 
and an income effect which discourages it. 

In light of the ambiguity induced by the 
income effect, we consider the effect of an 
increase in interest taxation accompanied by 
a sufficient change in ¢ to keep expected tax 
revenues constant. Expected total tax reve- 
nue in period 2 dollars is 


(17) T=tE(1)+7rG 


*Similar results have been found in the literature on 
portfolio composition. Musgrave suggests that under 
certain conditions corporate profit taxes may expand 
investment; also see Stiglitz. 
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Around the point T=0 the change in z 
which must accompany a change in r to 
keep T constant is 


dt 
as) (J) 
Now, the effect of a revenue-compensated 


increase in 7, near t=r=(Q, an optimal hu- 
man capital accumulation is 


dH dH {| dt 
(19) STE) 





= —rG/E(I) 


T=0 





T=0 


Substituting (9), (15), and (18) into (19) 
yields 


a (2) 


_ —rE(u.w')+rGE| ux F(E(1)—1)| 


XHH 





T=0 


The first term of the numerator is negative 
while the second term is positive since 
un, F(E(I) — I) = ~u, FA(E(I)—I) and, 
letting T=A(E(7J)—J) and applying the 
lemma, I is decreasing in x. Thus, replacing 
an earnings tax with an interest income tax 
yielding equal. expected revenue has an 
ambiguous effect on investment in human 
capital under uncertainty. This result con- 
trasts with the certainty result, that moving 
from an earnings to an income tax neces- 
sarily encourages investment in human 
capital. While, as in the certainty case, the 
interest tax reduces the expected return on 
nonhuman capital relative to human capital, 
the earnings tax, unlike the interest tax, 
makes human capital investments less risky, 
encouraging investment in human capital. 


C. Wage Taxation, Human Capita! Accu- 
mulation, and Savings under Uncertainty 


We now relax the assumption that period 
l consumption is exogenous, giving us es- 
‘sentially, the Levhari-Weiss model aug- 
mented with taxes. The variables H and C! 
are now chosen jointly to maximize x= 
E{u(c',C?)]. First-order conditions for an 


SEPTEMBER 1980 


interior maximum are 
(20) xc=Elu,—-(1+¢r)u, | =0 
Xu” El uF] =0 


where xc=ðx/ðC! and, as before x,= 
9x/3H. Differentiating (20) totally with re- 
spect to ¢ and appropriate substitution yields 


dH dH 
(21) rs = (SP) Atxcnxe/A 


where: (i) dH /dt|@ represeats the effect of 
a change in ¢ on H if C! is held constant 
(ie, expression (9)); Gi) A=xyyXcc7 
(Xyc) which is positive if the second-order 
condition for a maximum is satisfied; and 
(ii) A=xX ccX wn/A> 1. Furthermore 


(22) xc, E| (1+ọr)unI]<0 
(23) xca=(l+ọr)E[ Au, F] <0 


if absolute risk aversion is nonincreasing. 
Thus, if (dH /dt)| a > 0, then interaction with 
savings tends to increase the positive impact 
of earnings taxation upon human capital 
accumulation. If, however, (dH/dt)|a<0, 
then permitting C! to be endogenous has an 
ambiguous effect on investment in human 
capital. 

An intuitive explanation cf this finding is 
based on the fact that if absolute risk aver- 
sion is diminishing, higher levels of C? in- 
crease the individual’s tolerance of uncer- 
tainty in period 2 and therefore increase 
investment in H, ceteris paribus. In the model 
with fixed C', when the earnings tax is 
imposed the decrease in income must come 
entirely out of C?. Allowing C! to be endog- 
enous allows the individual to react to an 
earnings tax increase by raising C? at the 
expense of C! and increasing H. Hence, the 
second term of (21) is positive. 


D. Wage Taxation, Human Capital Accumu- 
lation, and Labor Supply under. Uncertainty 


We now assume that the rumber of hours 
worked in period 2 is encogenous. Total 
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time available for work in period 2 is one, 
and the proportion consumed as leisure is 
denoted L. The after-tax wage in period 2 is 
@xh(H) so that period 2 labor income is 
@xh( 7) -L). The worker chooses L with 
knowledge of the realized value of x. (The 
worker must choose H and C, before he 
knows x, however.) His objective is to maxi- 
mize the expected value of a utility function 


(24) u(C!,C’, L) 


which is concave and increasing in each 
argument. 

Given values of C! and H, chosen prior 
to knowledge of x, and the value of x itself, 
the individual has only to choose a value of 
L. The first-order condition for a maxi- 
mum is 


(25) —u,(C',C?, L)x0h(H) 
+u;(C',C?, L)=0 


Implicitly, (25) defines a leisure demand 
function L(w?, W7), where w7=6xh(H) and 
W? is nonhuman wealth at the beginning of 
period 2 as defined in equation (1). Since 
C?=@xh(H)\(1—-L)+W7?, we may define 
the function | 


(26) V(C',w?,W7)=maxu(C',C?, L) 
z 


For simplicity revert to the assumption 
that C'=C! and so remove C! as an argu- 
ment of V. Then V is just the indirect utility 
function showing maximum utility given 
some choice of human capital investment. 

As before, the individual allocates time in 
period 1 between investment in human 
capital and working for wage w!. He selects 
a portion H of his time in period 1 for 
human capital investment to maximize ex- 
pected utility ~=Z[V(w?,W7)]. The first- 
order condition for a maximum is given by 


(27) Yy E| V,xh’—V,(1+¢r)w'|=0 


where Y= 0y/ 0H, V,=0v/dw?, and Y= 
OV /dw*. 
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Substituting Roy’s identity, V,=(1— 
LXV», into (27) gives 


(27’) E(V,B)=0. 
where 
(28) B=xh'(H)\(1—L)-(1+¢r)w' 
The effect of an increase in ¢ on optimal 
investment in human capital is given by 


totally differentiating (27) with respect to H 
and f and rearranging to obtain 


Q9) dH /dt= — ay / Vern 
where 


(30a) bum FA Va xh! | At BV,Lyxh 
— Vy B| (1—L) xh 


+(1 +9r)(1-H)w']| 


(30b) bun 2| A — L)xhk” ~ 2E y 
—Oxh' Ly BVa + VB? 

where 

(31) Ly=3L/ow* 


Under certainty B=0 and only the first 


term of (30a) is operative. For Yyy <0, as 


implied by the second-order conditions, 
dH /dt has the opposite sign of 0L/dt| 7. 
Thus if earnings taxation reduces work ef- 
fort it reduces investment in human capital. 
To determine whether or not this is likely to 
be the case, we note that 


Gi = 


=— L xh-L,(U-—-H)w' 
-ot iF 


l0 Roy's identity relates the demand for a commod- 
ity to partial derivatives of the indirect utility function. 
Its interpretation when leisure is one of the commodi- 
ties is discussed by Michael Abbott and Orley Ashen- 
felter. . 
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A number of time-series studies’! of labor 
supply suggest that LZ, is close to zero. If 
such is the case, then the first term of (32) is 
zero, while the second term is negative if 
leisure is a normal good. Thus, hours of 
work increase with ¢ and therefore there is a 
positive relationship between earnings taxa- 
tion and investment in human capital in the 
certainty model with endogenous leisure. 

Under uncertainty we must also examine 
the second and third terms of (30a). The 
third term of yy, is the analogue of the 
numerator of expression (9) and thus is am- 
biguous in sign. It is, as indicated by Pro- 
positions 1 and 2, positive under CARA or, 
if W?! >C}, under CRRA.” The second term 
of Yy is equal to 


(33) Lyh(#) f ° xV, Bf(x) dx 


which is positive if Ly,>0," i.e., if leisure is 
normal. 

Thus, introducing uncertainty tends to 
amplify the positive impact of an earnings 
tax on human capital investment under 
CARA or CRRA if W! >C’. Conversely, if 
preferences are characterized by CRRA and 
the individual is a net borrower (i.e., if W! 
<C'), then in the presence of uncertainty 
earnings taxes may discourage human cap- 
ital formation even if they increase period 2 
labor supply. 


II. Optimal Taxation and Investment in 
Human Capital 


In this section we consider the structure 
of an optimal linear earnings income tax 
with and without uncertainty in the return 
to human capital.'* The two-period model 
developed in Section IJ serves as a starting 
point for the analysis. Throughout, wage 


See, for example, Robert Lucas and Leonard 
Rapping. In addition, cross-section studies of prime age 
males also suggest negligible wage elasticities. See the 
essays in Cain and Watts. 

Here we define CARA and CRRA in terms of 
derivatives of the indirect utility function with respect 
to W4. 

13 The expression inside the integral is positive as 
may be shown by applying the lemma, letting [(x)=~. 

14Peter Diamond, Jay Helms, and James Mirrlees 
study optimal redistributive taxation in an uncertainty 
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uncertainty is viewed as a consequence of a 
risky return to human capital. However, it 
should be emphasized that the results would 
be equally valid if wage rates were fixed 
exogenously but stochastic. 

The government’s objective is to raise 
from each individual an expected per capita 
revenue R through a combination of earn- 
ings and lump sum taxes.” It wishes to 
maximize the expected after-tax utility of 
the individual. As in Section II, Part D, we 
assume that period 1 consumption is pre- 
determined while hours worked in period 2 


are subject to choice. We choose this formu- 


lation both for reasons of tractability and 


_ because much of the previous analysis of the 


excess burden of earnings taxation has 
focused on the labor-leisure question.’© Fi- 
nally, we assume that there is no pre-existing 
interest tax so that @=1. 

The government’s problem, then, is to 
choose ¢ and a per capita lump sum tax T to 
raise expected tax revenue 


(34) 
R=1| (1-L)xh(H)+(1+r)—A)w' | +7 


in such a way as to maximize 
(35) y=E{V|Oxh(H),(1+r) 
(-H)ow! + w!-C')—7]} 


where V(-) is the indirect utility function 
defined in Section II, Part D. The first-order 
condition for a maximum is !” 


dy gly ae? (2 -)4 
ae (r, dr Na at 


context, but do not consider explicitly the human capital 
aspects of the problem. 

'5Qur assumption that the government is only con- 
cerned with expected revenue need not imply that the 
government is risk neutral. If the risk associated with 
human capital investment is independent across indi- 
viduals and if the number of individuals is large, then 
the law of large numbers will guarantee the government 
a constant total revenue despite uncertainty on the 
individual level. The government is, in this case, simply 
a more efficient risk pooler than the individual. 

16See, for instance, Mirrlees and Ray Fair. 

"Here (dH /dt)|; and (dL/dt)|; represent the ex- 
pected-income-compensated effects of an increase in ¢ 
on H and L, respectively. 
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ow ow? aT 
vot JH T2 JH - 37 


(Talr) 


The individuaľs problem is to choose H 
to maximize (35) taking T and £ as given. 
The first-order condition for this maximum 
is that 





(37) E| V xh’ - n (1 +r)w' | == 


Substituting (34), (35), (37), and Soy s iden- . 


tity into (36) gives 
(38) ~ E| na -L)A(H)\(ž-x)] 


+tE{| V,[(1~L)xh'(H)—(1+r)w']} 


(dH /dt)| 5+tE| V,xh(H) |(dL/dt)|;=0 


Subtracting 0= E{V,[0 —L)xk'(H}— (1+ 
r)w']} from (38) allows us to rewrite (38) as 


(39) 


= =| h( H)+th'(H)(dH/dt)), ;|-L)E 


cai —tE[ V,xh(H)](dL/dt)| ,= 


Under certainty x=x, and (39) is satisfied 
at t=0. Not surprisingly, lump sum taxation 
is efficient under certainty. However, when 
the return to human capital is uncertain, y is 
not maximized at the point ¢=0. Indeed, we 
will show that under reasonable conditions 
dy /dt is positive at this point, implying that 
at least partial reliance on a wage tax is 
more efficient than a pure lump sum tax. 

Under uncertainty, near the point t=0, 


expression (39) has the same sign as E[V,(x 


—x)]. In order to sign this expression, we 
note that 


(40) E[ x-—x]=0 


and apply the lemma. To do so requires that 
we determine whether dV,/dx(=V,,0h(4)) 
20. But differentiating Roy’s identity with 
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respect to W and rearranging yields 


(41) Vp=—Lyb,+(1-L)Vn 

The first term of (41) is negative as long as 
the demand for leisure is normal while risk 
aversion implies that the second term is 
negative as well. An increase in x, then, 
tends to lower the marginal utility of non- 
human wealth. 

Therefore, by the lemma, at t=0 expres- 
sion (39) is positive. Welfare is increased by 
raising t and lowering T to maintain ex- 
pected revenue constant. In contrast with 
the certainty case, sole reliance upon lump 
sum taxation is inefficient. Intuitively, al- 
locative efficiency is enhanced by a’ tax 
which reduces the riskiness of investment in 
human capital. Through the wage tax the 
government insures the risk-averse individ- 
ual’s uncertain undertaking, and thus 
compensates partially for the nonexistence 
of a market in human capital insurance. 
Furthermore, note that this result is inde- 
pendent of the effect of earnings taxation on 
investment in human capital or on hours or 
work, 

Since near t=O taxing wages and return- 
ing the revenue as a lump sum enhances 
expected welfare,'® it might be argued that 
full government insurance of human capital 
investment via a 100 percent wage tax is 
optimal.'? However, such a result is un- 
likely. Since (dL/dt)|; represents the ex- 
pected-income-compensated effect on leisure 
of an increase in the wage tax, it must be 
positive in sign. The negativity of the last 
term of (39) near t=1 is likely to make the 
sign of (39) negative in this region. Thus, 
efficient taxation requires wage taxation at a 
level strictly between O and 100 percent 
accompanied by lump sum taxes or trans- 
fers to meet revenue requirements. 


184 similar exercise can be performed to determine 
the optimal taxation of interest income. Since in this 
modei the return to nonhuman capital is certain, the 
interest tax only falls on nonstochastic components of 
income and does not reduce the riskiness of human 
capital. It can be shown that when lump sum taxation 
is feasible, the optimal interest tax is zero whether or 
not the return to nonhuman capital is uncertain. 

19A result somewhat similar to this has been ob- 
tained by Joram Mayshar, who studies the subsidiza- 
tion of risky private projects by the government. 
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This result suggests the value of addi- 
tional theoretical analysis of the design of 
efficient tax systems. The familiar theorem 
that, under certainty, commodity or income 
taxation is necessarily second best does ‘not 
generalize to situations characterized by the 
presence of uncertainty which is neither di- 
versifiable nor insurable. The uninsurability 
of most investments in human capital sug- 
gests that departures from lump sum taxa- 
tion may be optimal more frequently than 
previously realized. | 


Appendix 
PROOF of the lemma that appears in 
Section II, Part B. This proof is very similar 
to one provided by Levhari and Weiss (p. 


958). 
Note that 


[Vex f(a)ae 
| BIC) fe) fla)dr<o 
and f "T(x)g(x) f(x)dx 
T(x") f g()Ax)dr>0 


- as I(x) is monotonically increasing or de- 
creasing. Thus 


f P(x) g(x) f(x)dx 


ar(x*) f °g(x)f(x}dx=0 


as I(x) increases or decreases monotoni- 
cally. 
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Efficient Protection under Uncertainty 


By ELHANAN HELPMAN AND ASSAF RAZIN* 


Suppose that in a small trading country a 
policymaker desires to increase the alloca- 
tion of productive resources to the import- 
competing sector beyond the free trade 
allocation. It is well known that in a de- 
terministic environment the first best policy 
is to subsidize the output of the import- 
competing sector, while a tariff (specific or 
ad valorem), ari export tax (specific or ad 
valorem), an import quota, and an export 
quota are all equivalent second best policy 
measures. How do these policy instruments 
compare in the presence of uncertainty? To 
the best of our knowledge, this question has 
not been addressed in the literature.! 

For the purpose of this study, we employ 
the general equilibrium framework with 
financial markets that has been developed 
in our book. Using expected utility as the 
welfare criterion, this framework enables us 
to compare output subsidies, trade taxes, 
and quotas as alternative means of protec- 
tion. In addition, it enables us to consider 
interventions in financial capital markets— 
like equity taxes and subsidies—as means 
of protection. Finally, it allows us to con- 
sider the relevance of the existence of inter- 
. national trade in securities to these policy 
rankings. 


*Tel-Aviv University: We are grateful to the Ford 
Foundation for financial support and to the University 
of Rochester for its hospitality during our work on this 
paper. Finally we would like to thank George H. Borts 
and a referee for their comments. 

! There are studies which compare tariffs and import 
quotas under uncertainty as alternative means to 
achieve certain objectives, see, for exampie, Gideon 
Fishelson and Frank Flatters, and Partha Dasgupta 
and Joseph Stiglitz, but their objectives do not include 
protection of. the import-compe¢ling industry. The 
former study is concerned with the exploitation of 
monopoly power in foreign trade while the latter is 
concerned with raising a given level of expected revenue 
(a quota raises revenue since the authors assume that 
import licenses are auctioned off ex post}. In both 
cases, expected consumer’s surplus is used to measure 
the economy’s welfare level. 
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In the type of economy that we consider, 
the allocation of productive resources is not 
governed directly by commodity prices (as 
in a deterministic environment) but rather 
by equity prices—with equity prices depend- 
ing, of course, on commodity prices. There- 
fore we will work out precisely how policies 
directed towards commodity mar- 
kets affect equity prices. For tariffs, this has 
been done in our 1978a paper. Here we also 
develop this link for quotas. This issue is of 
some independent interest, tecause it is the 
first demonstration (to the best of our 
knowledge) showing how import licenses are 
valued on the stock market. - 

With regard to interventian in commodity 
markets, the presence of uncertainty en- 
larges the policy menu. Tariff rates as well 
as quotas can be state dependent or state 
independent. We feel that state-independent 
policies are more relevant, because from a 
practical point of view it is hard to see how 
a government can implement a state- 
dependent protective policy, such as apply- 
ing a tariff rate that depends on inches of 
rainfall. For this reason, most of our analy- 
sis concentrates on state-independent poli- 
cies, ` 

We show that in the absence of interna- 
tional trade in securities a subsidy to sales 
of equities of the import-competing sector is 
the first best policy, and that this policy is 
equivalent to a state-independent rate of 
subsidy on output sales of tkis sector. Other 
state-independent policies cannot in general 
be ranked. We show that a state-independent 
ad valorem tariff may dominate a state- 
independent import quota, and vice versa, 
depending on the risk structure and atti- 
tudes towards risk. 

In the presence of international trade in 
securities, we show that in the absence of 
restrictions on short sales of equities, a sub- 
sidy to sales of equities of the import- 
competing sector dominates a state-inde- 
pendent ad valorem tariff. In the presence 


VOL. 70 NO. 4 


of short-sales restrictions, a tariff may 
dominate an equity subsidy if investors 
choose to specialize in equity holdings of the 
exporting sector. 

We present the framework of analysis in 
Section I. In Section II we describe equilibria 
under alternative policy measures. First best 
policies are discussed in Section III. In Sec- 
tion IV we compare tariffs with quotas in 
the absence of international trade in securi- 
ties. Finally in Section V we review our 
main conclusions, providing a detailed dis- 
cussion of other possible means of protec- 
tion. 


J. The Framework 


We employ the two-sector static model 
that was developed in our book (see also our 
1978a paper). In this model sector j pro- 
duces its output according to 


(1) O(a) =9,(a) §(L;, K;) 


a=1,2,..., S; j=1,2 


where L,=labor employed by sector j, K,;= 
capital employed by sectorj, f; is a linear 
homogeneous neoclassical production func- 
tion, 6,(@) is a random variable which may 
obtain different values in different states of 
nature a,a=1,2,...,S, and Q (a) is output 
of sector j in state a. 

The choice of factor inputs is made by 
firms before the realization of a state a, and 
this is done so as to maximize the firms’ net 
value on the stock market. The firm’s net 

_value equals the value of its initial equities. 
We assume that factor costs are financed 
either directly by the initial stockholders or 
by issuance of new equities. In this case 
the aggregate return to final stockholders 
of sector j is the value of output p,(a) 
O(a) f(L; _K,), where p,(a) is the price of 
good jin ‘state a. We call JC) the number of 
real equities produced by Sector j. Using this 
definition, the final holder of share 
S; Of sector j’s equities holds in effect 
z, =s, J(+) units of its real equities. A real 
equity. entitles its holder to the. return 
P;(a)6,(a) in state a, which is the value of 


HELPMAN AND RAZIN: PROTECTION AND UNCERTAINTY 717 


8a) units of good j in state a. It is clear 
that there is a one-to-one correspondence 
between holdings of shares and holdings of 
real equities. Given aggregate labor and 


capital endowments, the hypotheses of net 


value maximization and competitive factor- 
market clearing enable one to derive a 
toral real equity supplies Z,(q,), j= 
which depend on the relative producer pri oe 
of the second real equity dp» with Z 1(9p) <0 
and 23(q,)>0 (except for corners in which 
equalities hold). 

Using the supply functions Z,(qg,) one 
can trace out (by varying g,) a transforma- 
tion curve between the outputs of real equi- 
ties, like TT in Figure 1. At each point on 
this curve the marginal rate of transforma- 
tion is just equal to q, so that 


(2) 1(%)) + 9,23(9,) =0 


where a prime denotes a derivative. 

The representative consumer-investor of 
our economy engages in a two-stage deci- 
sion process. First, before the resolution of 
uncertainty, he trades in the stock market 
ending up with holdings of z, units of real 
equities of type j, j= 1,2. His net trading in 
the stock market is financed by the proceeds 
from sales of labor and capital services plus 
any transfers which may occur from the 
government. Second, after the resolution of 
uncertainty, he uses the aggregate return on 
his portfolio plus any additional income (like 
government transfers) to purchase consump- 
tion goods. In the second stage, given the 
realization of state a, the individual solves 
the problem 


(3) Choose c,(a), c,(a) 20 
to maximize u[c,(a),c2(a) | 
subject to c(a) +p(a)c,(a)<8,(a)z, 
+p(a)6,(a)z+ T(a) 
where c,(a)= consumption of good j in state 
a, u(-) 1s a von Neumann-Morgenstern con- 


cave (i.e., risk-averse) utility function, p(a) 
==the domestic relative price of good 2, 
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[B(a)=7,(a)/P,(a)], and T(a) is the com- 
ponent of income in state a which is not due 
to real equity holdings; this component will 
be specified later. Observe that the first two 
terms on the right-hand side of the budget 
constraint represent the return on real equity 
holdings. 


The solution to (3) yields the indirect util- 


ity function 
of P(a); O,(a)z,+p(a)0,(a)z.+ T(a)| 


which is concave in its second argument due 
to the assumption of risk aversion on the 
part of the consumer-investor. Now we can 
describe the individual’s first-stage choice 
problem as the portfolio choice subject to 
an assets budget constraint, so as to maxi- 
mize the expected value of the indirect util- 
ity function ; 


(4) Choose z}, z, 20 


to maximize 


Ev| P(a); O,(a)z, +p(a)0,(a)z.+ T(a) | 
subject to z, +4,2,<Z,(q,)+ 9,£2(4,) +T 


where E=the expectations operator, based 
on subjective probability beliefs, with cor- 
rect state-dependent expectations concern- 
ing p(a), 8 (a), 8,(a), and T(a); q.= the in- 
vestor’s relative price of real equity 2; and T 
equals government transfers before the 
realization of state a. Due to the concavity 
of v(-) in its second argument, the assets 
indifference curves are convex to the origin, 
as drawn in Figure 1. In some limiting cases 
they may be straight lines. 

The equilibrium relationship between com- 
‘modity and equity prices can be seen from 
the first-order conditions of problem (4), 
which imply 


de ™ Ev,| P(a) : 0,(a)z, +p(a) 6,(a)Z> 
+ T(a)] p(a)0,(a)+ Ev | f(a); (a2, 


+p(a)0,(a)z.+T(a) ]0,(a) 
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where v,[-] is the marginal utility of spend- 
ing. This condition is in. effect the condition 
of tangency between an assets indifference 
curve and an assets budget line. It is seen 
from this that commodity prices are related 
to real equity prices by means of two chan- 
nels: 1) the marginal .utility of. spending 
v,[-]; and 2) the return on the second real 
equity p(a)@,(a). Note that in the case of 
certainty, with @,(a)=96,(a)=1, this condi- 
tion implies ¢.=p. 

We assume that our economy is small, so 
that the foreign relative price of commodity 
2, p(a), depends only on the state a. 
Domestic relative commodity prices p(a), 
a=1,2,...,.5, depend on domestic policies 
like tariffs or quotas. The above formulation 
is general enough to accommodate each of 
these policies. 

Relative real equity prices depend on 
government policies in the capital market, 
and on the existence of international trade 
in securities. If there is international trade in 
securities, real equity prices are also as- 
sumed to be given to the economy (the 
small-country assumption in security mar- 
kets), while in the absence of trade in securi- 
ties, real equity prices are domestically de- 
termined so as to clear the stock market. 
Government intervention in security markets 
may create a wedge between relative real 
equity prices faced by domestic producers 


_ and investors, as well as—-in the presence of 


trade in real equities—a wedge between 
foreign and domestic relative prices of iden- 
tical real equities. Since we concentrate in 
this paper on three types of policy— tariffs, 
quotas, and security taxation——it is useful to 
describe at this stage the equilibrium of the 
economy in the presence of each type of 
these policies. 


H. Equilibrium under Alternative Policies 


The policies that we consider are directed 
toward protection of the import-competing 
industry; the purpose is to induce a resource 
flow from the export to the import-com- 
peting industry. For this purpose we assume 
that the import-competing industry is well 
defined in the sense that the same good, say 
good 2, is imported in every state. 
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A. Equity Subsidy 


An equity subsidy is a subsidy to the 
domestic issues of equities. The subsidy is 
given to type-2 real equities; that is, equities 
of the import-competing sector. In this case 
the producer’s relative price of real equity 
2 is equal to the investor’s relative real equity 
price plus the subsidy; ies g,=(1+5)q,5 
s>0. The subsidy is financed by means of.a 
lump sum tax (which the investor does not 
relate to his purchase of securities) before 
the realization of a state of nature. The 
lump sum tax is — 7, where 


(5) T= —3q.Z2(4,) 


Since there is no intervention in commodity 
markets, domestic commodity prices equal 
foreign commodity prices, and state-depen- 
dent transfers equal zero. 


(6) P(«)=p(a) 
(7) T(a)=0 


a=1,2,...,8 
a=1,2,...,8 


Now we can describe the equilibrium in 
the stock market. In the presence of interna- 
tional trade in securities, we assume that 
foreigners are willing to exchange real equi- 
ties at a constant relative price q (=q,/q}). 
We also assume in this case, and this is done 
only for the sake of simplicity, that the 
domestic equities are the only available types 
of securities in the world. Thus, foreign 
securities have the same distributions of re- 
turns as domestic type-1 and domestic type-2 
real equities.” In this case domestic investors 
face the foreign relative security price g,=4q, 
while firms face the relative price g,=(1+ 
s)q. The stock market equilibrium is de- 
scribed in Figure 1. Net value-maximizing 


2Our proofs also go through in the case in which 
foreigners issue securities with distributions of returns 
that differ from domestic real equities, as long as the 
assumption of smaliness of the domestic economy is 
maintained. What is required is that the home country 
be a price taker in security markets, including prices of 
domestic real equities. However, in this more general 
case the simple diagrammatical exposition has to be 
abandoned. These remarks apply, of course, only to the 
case in which there is international trade in securities. 
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(i+s)q 


FIGURE 1 


firms choose point E,, at which a line with 
the slope (1 +s)q is tangent to the real equi- 
ties transformation curve TT. Without the 
subsidy they would have chosen a point on 
TT to the left of £,,, since they would have 
equated g to the. slope of TT. Hence, the 
subsidy induces a shift of resources into 
sector 2. 

From the assets budget constraint in (4), 
using (5) and q,=g, one can see that the 
investor’s assets budget line has slope q and 
passes through E,,. The investor chooses a 
portfolio at the point of tangency between 
the assets budget line and one of his as- 
sets indifference curves. This happens at 
point £,., with UU representing the high- 
est achievable assets indifference curve.? An 
asset indifference curve is defined in the 
present case by all combinations of (2,, Z3) 
which satisfy 


(8) Ev[ p(a); 0,(a)z;+p(a)0,(a)z,] 
_ =constant 


If there is no international trade in securi- 
ties, then given the subsidy rate s, the 


3In Figure 1, type-2 real equities are imported. It is, 
however, possible to have an equilibrium in which 
type-1 real equities are imported. The subsidy may also 
reverse the pattern of real equity trade. 
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domestic relative price of real equity 2 
faced by investors is domestically de- 
termined so as to clear the domestic stock 
market. In this case, the production point 
E,, and the portfolio point E,, coincide. 
Such an equilibrium is presented by point £, 
in Figure 2. The set of assets indifference 
curves in Figure 2 is the same as in Figure 1. 
Observe also that without the subsidy more 
resources would be allocated to sector 1. 


B. Tariff 


Consider an ad valorem tariff with the 
same rate applying to all states of nature; 
the tariff rate is chosen before the realiza- 
tion of a state of nature. We believe this to 
be the relevant case, since it is difficult to 
conceive of a tariff policy in which the tariff 
rate is adjusted ex post to suit the realized 
state of nature. A specific tariff would be an 
appropriate alternative, but it causes diffi- 
culties in the presence of international trade 
in securities. By changing the level of the 
specific tariff, one changes the structure of 
returns on equities issued by the import- 
competing industry, and this affects the price 
of its equities in a way which can be worked 
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out only in an explicit two-country model, a 
complication which we prefer to avoid. 

In the presence of an ad valorem tariff at 
rate £, domestic relative commodity prices 
are 


(9) p(a)=(+2)p(a) a=1,2,...,8 


We assume that tariff proceeds are redistrib- 
uted back to consumers. Since tariff reve- 
nues occur after a realization of a state of 
nature, the redistribution of tariff proceeds 
also occurs after the realization of a state of 
nature. The required lump sum transfers are 
implicitly defined by 
(10) 
T(a)=tp(a){c,[ (1+t)p(a); 6,(«)z, 
+(1+1)p(a)0,(a)z,+ T(a) | —4,(a)Z,} 
a=1,2,...,8 

In the presence of tariffs, the map of 
assets indifference curves depends on the 
tariff rate (see our 1978a paper), and it 
differs from the map of assets indifference 
curves defined by (8). In the present context 
the investor’s assets indifference curve is 


defined by all combinations of (z,, z3) which 
satisfy 


(11) Eo[(1+t)p(a); O,(a)z, 
+(1+ż)p(a)b(a)zı+ T(a) | =constant 


where T(a) is kept at a predetermined level 
for every a. In order to represent an 


equilibrium using these indifference curves, 


T(a) must be kept at its equilibrium level. 
Now, in the presence of a tariff and no 
intervention in financial markets, the inves- 
tor’s and firm’s relative real equity prices 
coincide (i.e., ¢,=4,) and ex ante transfers 
equal zero (i.e. 7=0). In the presence of 
international trade in real equities, the tariff 
raises the domestic relative price of real 
equity 2 by a rate which equals the rate of 
tariff (see our 1978a paper). The resulting 
stock market equilibrium is described in 
Figure 3. Net value-maximizing firms choose 
the resource allocation described by point 
E,, at which the slope of TT is (1+¢)g. 


VOL. 70 NO. 4 


HELPMAN AND RAZIN: PROTECTION AND UNCERTAINTY 721 





FIGURE 3 


Investors choose a portfolio described by 
point E, Without the tariff, firms would 
have chosen a point on TT to the left of E,, 
at which the slope of TT is g. Hence, the 
tariff induces a resource flow into the sec- 
ond sector. 

In the absence of international trade in 
securities, the domestic relative price of real 
equity 2 is determined so as to clear the 
stock market. The resulting equilibrium is 
described in Figure 4. The equilibrium rela- 
tive price of real equity 2 is g, which equals 
the slope of TT and UU at their common 
point of tangency, E,. The assets indif- 
ference curve UU in Figure 4 does not be- 
long to the same family of indifference 
curves as UU in Figure 3, because the state 
dependent transfers T(a) in Figure 4 differ 
from those in Figure 3. 

We have shown in our 1978b paper that 
in this case a small tariff induces a resource 
flow into the import-competing sector if both 
goods are normal in consumption, but for 
large tariff rates, it is not clear which way 
resources will flow. We assume for the 
present purpose that ad valorem tariffs are 
protective.* 


‘If a tariff is not protective, we can use a subsidy on 
imports in order to induce the desired resource flow 
Q.e., <0). Our conclusions do not depend on this 
possibility. 


FIGURE 4 


C. Import Quota 


Our discussion of an import quota is 
restricted to the case in which there is no 
international trade in securities. The reason 
is similar to that which prevented us from 
discussing a specific tariff—the imposition 
of an import quota changes the pattern of 
returns on real equities that are issued by 
the import-competing sector. We cannot deal 
satisfactorily in a single country model with 
the effect on the price of this security even 
when the country under consideration is 
small in the world’s financial capital mar- 
kets. 

We assume that the government imposes 
an import quota M, and the decision on the 
size of the quota is made before the realiza- 
tion of a state of nature. Thus, the same 
quota applies to all states and is binding in 
at least some of them. If the quota is suffi- 
ciently small, it will be binding in all states, 
but we do not require it to be of this type. 
The size of the quota affects domestic rela- 
tive commodity prices in states in which the 
quota is binding; in states in which the 
quota is not binding, domestic relative com- 
modity prices are p(a)— world relative 
prices. Figure 5 describes an equilibrium in 
commodity markets in a particular state a. 
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Point P, describes a feasible consumption 
point which consists of the domestic output 
of goods. The straight line DD with slope 
p(a) that passes through P, describes feasi- 
ble consumption points which are achieva- 
ble through foreign trade. The vertical line 
Q describes the quota constraint whose size 
is BC. Now, if an indifference curve is tan- 
gent to DD to the left of A, the quota is not 
binding, and the domestic relative price p(a) 
equals p(a). If, however, an indifference 
curve is tangent to DD to the right of A, the 
quota is binding, and the domestic relative 
price p(a) equals the slope of the indif- 
ference curve at point A, which is larger 
than p(a). 

It is clear from here that domestic relative 
commodity prices depend, at least in some 
states, on the size of the quota. Since asset 
indifference curves depend, among other 
things, on the distribution of domestic com- 
modity prices, the quota affects the struc- 
ture of the asset indifference field. In the 
present setup an asset indifference curve is 
defined by all combinations of (z,, z2) which 
satisfy 


(12) E[ p(a); 0,(a)z, 


+p (a)6,(a)z,+T(a) | =constant 
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where 7(a) is implicitly defined by 
(13) T(a)=[(a)-p(@)] 
x {c| Pla); 0,(a)2, +5 (a)0,(a)z, 
+ T(a)]-0,(a)Z2} 


Observe that (13) implies that T(a)=0 ina | 
state a in which the quota is not binding, 
and T(a)= [P(a)—p(a)]M in a state a in 
which the quota is binding. 

In our formulation, T(«) equals the ake 
of the import licenses in stat2 a. This can be 
interpreted as follows. Suppose that after a 
realization of a state of nature, the govern- 
ment auctions off the quota and redistrib- 
utes the proceeds to consumers as lump sum 
transfers. These transfers equal 7(«) in state 
a. Importing firms that buy import licenses 
have zero profits in every state a and their 
value on the stock market is zero. In this 
case, the representative investor’s asset bud- 
get constraint is that given in (4), with 
q.=4q, and T=0, and stock market equi- 
librium is as described in Fizure 4 with the 
indifference field defined by (12). Remem- 
ber, however, that the indifference field un- 
der the quota differs from the indifference 
field under the tariff. 

There is another interpretation which can 
be given to this equilibrium. Suppose that 
the government distributes the quotas to 
importing firms which are locally owned, 
and that the shares of these firms are traded 
on the domestic stock market. A license to 
import one unit of good 2 provides a return 
of p(a«)—p(a) in state a, a=1,2,..., S. If the 
quote is binding in state a, p(a)—p(a)>0, 
and it pays to take full advantage of the 
import volume permitted by the license. If 
the quota is not binding in state a, p(a)— 
p(a)=0, so that the firm’s profits are zero 
even if its import volume should reach the 
limit permitted by the license. Hence, the 
vector of returns on a unit import license is 


a=1,2,...,8 


[ P(1)—pC), P(2)—p(2),..., P(S)—p(S)] 


and we have multiplicative uncertainty in 
the importing firms. 
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We may rewrite now the investor’s prob- 
lem (4) as 


(4’) Choose z,, Z2, Z,, 20 


to maximize 
Ev{ p(a); 0,(a)z, +P (a)0,(a)z 
+[ p(a)—p(a) ]z,,} 


subject to 
Zy+G2+QinZm S Z(G) +929) + Fn M 


where z,,=real equities of the importing 
firms held by the investor, g,,=the relative 
price of a real equity of an importing firm, 
and M =the number of real equities of im- 
porting firms available in the economy, 
which equals the import quota. 

In equilibrium, g and q,, settle on market- 
clearing levels such that the solution to (4’) 
yields z,=Z,(q7), z,.=Z,(q), and z,,=M. 
This equilibrium is described diagrammati- 
cally in Figure 6. 

The curve TT describes the economy’s 
transformation curve between the existing 
types of real equities (TT describes the effi- 
cient points). The distance 0A equals M, the 
import quota. An equilibrium obtains at the 
point of tangency of an asset indifference 
surface, defined by all combinations of 
(Zis 22, Z,,) which satisfy 


(14) Eo{ p(a); 0,(a)z,+p(a)6,(a)z, 
+[ p(a)—p(a) }z,,} =constant 


and TT. Suppose this happens at point E/. 
Then we can project the description of the 
equilibrium on the (z,,z,) plane, as de- 
scribed by the broken lines in Figure 6. This 
is identical to the equilibrium described in 
Figure 4 for the economy in which import 
quotas are auctioned off. The equilibrium 
relative real equity prices are 


z EaP Bla) 
Ev,(a)6,(a) 
_ Fv,(a)[ p(«)—p(a)] 
4 Ev,(a)0,(a) 
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FIGURE 6 


The reader can verify that these problems 
have identical solutions in terms of g and 
(21, 22) =(Z,, Z2) with T(a)=[p(a) 
—p(a)]M=[p(a)—p(a)][c2(a) — 4,(a)Z,]. 


Ili. The Most Preferred Protective Policy 


We show in this section that a subsidy to 
domestic real equities of the import-com- 
peting sector, designed to achieve a desired 
level of protection of this industry, is pre- 
ferred in terms of the resulting expected 
utility level (with one exception) to both a 
tariff and an import.quota which achiéve 
the same level of protection. The compari- 
son with the import quota applies only to 


` the case of no international trade in securi- 


ties while the comparison with the tariff is 
independent of the existence of interna- 
tional trade in securities. In addition, we 
show that this policy dominates taxes on 
international financial capital flows when 
such flows do exist, as well as quotas on 
capital imports. . 

Suppose that we start with a free trade 
equilibrium in which the import-competing 
sector produces Z, units of real equities, 
and that we want to induce a resource flow 
into the import-competing sector so as to 
make it produce Z, units of real equities, 
Z, > Z3. Consider first the case of no inter- 
national trade in securities, and suppose that 
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a subsidy at rate s on sales of type-2 real 
equities, a tariff at rate ¢, and a quota of size 
M all generate the same final production 
allocation (Z,, Z,)=(z;, Z2). The resulting 
equilibria in a particular state a under the 
three alternative policies are described in 


Figure 7. Point P,, which represents domes- - 


tic output levels in state a that result from 
the policy-induced allocation of productive 
resources, describes the consumption point 
achievable by the economy without interna- 
tional trade in commodities. If the economy 
trades in commodities it can choose a point 
on DD, whose slope.is p(a), the foreign 
relative price of good 2. Under the subsidy, 
the economy chooses to consume at E; and 
obtains in state a the utility level indicated 
by the indifference curve u*(a)u*(a). Un- 
der the tariff, the economy chooses to con- 
sume at £/, the point on DD at which the 
slope of the indifference curve that passes 
through it, u‘(a)u‘(a), is equal to (1+ 
t)p(a). Clearly, the welfare level under the 
tariff is smaller than the welfare level under 
the subsidy. Since this is true for every state 
a, the expected utility level achieved. with 
the subsidy exceeds the expected utility level 
achieved by the tariff. 

If a quota is used, there are two possibili- 
ties. First, the quota may not be binding in 
state a. In this case, the economy chooses to 
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consume at E; and its welfare level under 
the quota is the same in this state as under 
the subsidy. Second, the quota may be bind- 
ing in state a. In this case, the economy 
consumes at a point on DD to the left of EF, 
and its welfare level in state a is lower under 
the quota than under the subsidy. Since the 
quota has to be binding in at least some 
states of nature in order to achieve the de- 
sired level of protection, the expected utility 
level under the quota is necessarily lower 
than under the subsidy. Hence, the subsidy 
on equity sales is preferable to both the 
tariff and the quota? : 

Now consider the case in which there is 
international trade in securities. If the tariff 
is to achieve the same level of protection as 
the subsidy, that is, if the production point 
on TT is to be the same in both cases, the 
tariff rate has to equal the rate of subsidy, 
t=s, which assures the same relative real 
equity prices faced by firms. These relative 
real equity prices are equated to the mar- 
ginal rate of transformation in the produc- 
tion of real equities, thus determining the 
same allocation of productive resources. 

In what follows, we prove that the tariff 
provides a lower expected utility level than 
the equity subsidy, except for one case. This 
proof can be easily extended to the case in 
which there exist foreign securities with dis- 
tributions of returns that differ from the 
distribution of returns on domestic real 
equities. Using superscripts ¢ and s to denote 
variables which apply to equilibria under 
the tariff and subsidy, respectively, we have 
from the, concavity of the ordinary utility 


5Our discussion of the quota should be qualified. 
The above discussion is valid if indeed a quota assures 
protection of the import-competing sector. However, 
we do not have a proof of this proposition for the 
general case. If a tariff is not protective, we can use an 
export subsidy in order to ‘achieve a desired level of 
protection and use the above techniques to prove the 
superiority of an equity subsidy on the export subsidy. 
But if a quota is not protective, we need to impose a 
minimal required level of exports or imports in order to 
achieve the desired protection, and this is difficult 
to enforce. Finally, observe that instead of using import 
quotas, one may use export quotas; the two are not 
equivalent in the presence of price uncertainty. How- 
ever, qualitatively, everything we say about import 
quotas applies to export quotas as well. 
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function u(-): 


(15) È (aj #'(a)—w'(a) 


Ss 
< E (a) Vui(a){[ci(a), c5(a) | 


a=] 


—[ ef(a), c3(«)]} 


where a(a) is thé subjective probability of 
state a and Vu(a) is the gradient of the 


function u(-) in state a. From the solution ` 


to (3) 
(16) Vu'(a)=v;(a)[1, p(a)] 


where t;(a) is the marginal utility of income 
(in terms of good 1) in state a. Combining 


(16) with (15), we obtain 
(17) 

S l ; Ss i 
2 m(a)[ u'(a)—u*(a) |< 2 m(a)v;(a) 


Teila) +p(a)ef(a)~ef(a) ~p(a)es(a)] 
From the budget constraint in (3) 
(18) 
ci(a)+(1+t)p(a)ci(a)=0,(a)zj+U +t) 
+ -p(a)04(a)z4+1p(a)| (a) —0,(a)Z4] 
(19) 
cia) +p(a)e$(a)=0,(a)zf+p(a)0,(a)z$ 


Combining (17) with (18) and (19), we ob- 
tain 


(20) 


S 7 S 
È 7(a)[ u(a)—u*(a)] < 2 m(a)oz(a) 


-[ 6,(a)(2{-21) +p(a)6,(a)( 25-23) . 


+ 1p(a)0,(a)(z5—Z5) | 
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From the budget constraint in (4) 
(21) 2f+(1+t)gzh=Zi+(1+1)qZi 
(22) zi+qz3=Zj+(l+s)qZ5—sqZ; 


However, since the tariff and the subsidy 
provide the same level of protection, 


(23) Zp=ZjF=Z, j=l,2 
(24) =s 


Combining (20) with (21)-(24), we obtain 


Ss 
È 7(a)[ u'(a)—u*(a)] 


a= | 


<[(1+1)(Z,—25)-(Z,-23) | 


2 ma) 07(«)[ 8,(«)q—p(a)4,(a) | 


(25) 


Now, in the presence of an interior solution 
to (4) for the subsidy case, 


(26) 


S ; 
È a(a)oila)[ 4(a)a-P(a)03(a)] =0 


which implies, using (25), 


S S 


> 7(a)u'(a)< 2 ey 


a=1 


(27) 


Hence, the subsidy provides a higher ex- 
pected utility level than the tariff whenever 
the investor does not specialize in his port- 
folio under the subsidy system. He may 
want to specialize due to the prohibition of 
short sales. If he chooses to specialize in 
type-2 real equities, the expression on the 
left-hand side of (26) is nonpositive. Then 


®To reformulate problem (4) to allow for short sales, 
we have to add nonbankruptcy constraints. Then, if the 
solution to the new problem is such that the bank- 
ruptcy constraints are not binding in all states of na- 
ture, condition (26) is satisfied and the equity subsidy 
dominates the tariff. 
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(1+t)q 


FIGURE 8 


also Z,—z3;=—Z,/q, while the smallest 
possible value of Z,—z5 is —Z,/[(+1)q] 
(it is obtained by choosing the largest feasi- 
ble value of z5, which obtains when zj=(). 
Hence 


(1+1)(Z,-23)-(Z,~23) <0 


These considerations show that (27) is sat- 
isfied in the case in which the investor 
chooses to hold only type-2 real equities, 
thus proving that the equity subsidy domi- 
nates the tariff also in this case. 

If, as a result of restrictions on short sales, 
the investor chooses under the subsidy to 
specialize in his portfolio in type-1 (the ex- 
` porting sector’s) real equities, it may happen 
that the tariff will be preferred to an equity 
subsidy. (There is no reason to have identi- 
cal patterns of trade in goods and securities.) 
The reason for this is the fact that in the 
presence of (“strong”) preferences for type-1 
real equities the short-sales restriction may 
be more binding in the subsidy regime than 
in the tariff regime. This is demonstrated in 
Figure 8. 

Point P. represents the production point 
under the tariff and subsidy. Under the sub- 
sidy the investor chooses, by assumption, 
point A. The choice of point A implies that 
the left-hand side of (26) is nonnegative. 
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Now, if under the tariff the investor chooses 
a point to the right of B on the line with 
slope (1+1)q, (1+1)(Z,—23)—(Z,—23)>0, 
and (25) implies (27). In this case, the equity 
subsidy is preferred to the tariff. But it may 
happen that the portfolio point under the 
tariff is to the left of B on the line with slope - 
(1+7)q. In this case the welfare losses from 
the short-sales restriction which aré opera- 
tive in the subsidy regime, may outweigh the 
welfare losses from tariffs. A similar argu- 
ment is used in our forthcoming paper to 
show that in the presence of international 
trade in securities a small country may gain 
from a tariff. The following is an example in 
which the tariff dominates the equity sub- 
sidy. 

Example: Let u=c,+lozc,, then c(a) 
=0,(a)z, +p(a)0,(a)2,+ T(a)—1, ¢(a)= 
i/p(a), and v(a)=0,(a)z,—p(a)0(a)z,+ 
T(a)— 1—Jog p(a). Assume that £6,(a)= 1, 
Ep(a)0,(a) <q, and 1/p(a)—8@,(a)Z, >0 for 
all a, where Z, is at the desired level of 
protection. It is now easy to see that the 
solution to (4) is such that the investor spe- 
cializes in z; in both the tariff and equity 
subsidy regimes. This occurs because his 
asset indifference curves are straight lines 
with slope Ep(a)@,(a), where p’(a)=(1+ 
t)p(a) and p*(a)=p(a), which is smaller 
than g, in either case, since gi=(1+¢)q and 
q.=q. This means that 


zi=Z,+(1+t}qZ,, 25=0, 
z=Z, +9qZ,,25=90 
T'(a)=t/(1+1)~1p(a)6,(a)Zp, 
a=1,2,...,5,T°(a)=0 
Hence 
Eo!( a) — Eo'(a) = 1Z,[ q- Ep( a) ,(2)] 
+1/(1+t)—log(1+t) 


which is positive for sufficiently small values 
of ¢ and Z,[q— Ep(a)@,({a)] sufficiently 
large. 

Let us compare the results of this section 
to similar results that obtain in deterministic 
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models. It is well-known that in a determin- 
istic world a subsidy to the output of the 
import-competing sector is a better means 
of protection than a tariff. The reason is 
that with the same composition of produc- 
tion in the presence of a tariff there is a 
distortion which results from the difference 
between consumer prices and foreign prices. 
This distortion is absent under the output 
subsidy. The reader can verify that a similar 
argument applies under uncertainty to the 
comparison of a tariff with a subsidy on 
equity sales of the import-competing sector. 
There are however other considerations 
which have to be taken into account in the 
presence of international trade in securities, 
for example, restrictions on short sales of 
securities and absence of bankruptcies. In 
order to make the analogy complete, ob- 
serve that a fully anticipated subsidy to out- 
put sales of the import-competing sector 
after the realization of state of nature, the 
subsidy being financed by means of ex post 
Jump sum taxes, is equivalent to an equity 
subsidy at the same rate. Both increase the 
producer-relative price of the import- 
competing sector’s equities above the inves- 
tor’s price at the same rate, and make 
consumption decisions depend on foreign 
commodity prices. However, unlike a de- 
terministic world, a subsidy to commodity 
sales (or to equity sales) is not always 
preferable to a tariff, as shown in this sec- 
tion. 


IV. Tariffs vs. Quotas in the Absence of 
International Trade in Securities 


The discussion in this section_is restricted 
to the case in which there is no international 
trade in securities, since (as explained in 
Section II) there is no satisfactory way to 
deal in a single country model with quotas 
in the presence of international trade in 
securities. We showed in the previous sec- 
tion that in the case considered here an 
equity subsidy is. preferred to an ad valorem 
tariff and to a fixed quota as protective 
policy measures. Now we confine the atten- 
tion to a comparison of welfare levels which 
result from a tariff and a quota designed to 
achieve the same level of protection for the 
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import-competing industry. Our conclusion 
is that there are circumstances in which a 
tariff is preferred to a quota and vice versa, 
and we demonstrate it as follows. 

Example: Let the utility function be 
u=f(c,+logc,). Then the demand func- 
tions are c,=J—1 and c,=I1/p, and the 
indirect utility function is o=f(J—1—log p). 

Suppose that we start from a position of 
full certainty. Then tariffs and quotas are 
equivalent means of protection. Let ¢, be the 
tariff rate that provides the desired level of 
protection with (Z,, Z,) being the levels of 
output of real equities. Now suppose that we 
introduce a “little” uncertainty adjusting the 
tariff rate and the quota so as to maintain 
(Zi, Z2) as the equilibrium allocation. By 
developing a second-order approximation to 
the loss of expected utility under the tariff 
and quota, we can compare the welfare 
losses and see when the tariff is preferred to 
the quota and vice versa. 

Let 


(28a) 0,(a,h)=1+he(a) a=1,?2,...,8 
(28b) 6,(a)=1 a=]1,2,..., 5S 
(29) pla, h)=1+h8(a) a=1,2,...,8 


where Ee(a)= E6(a)=0, E[e(a)]* = ož, 
E[8(a)]?=07, Ee(a)5(a)=02,. For h=0 we 
have full certainty. Hence, if p(a, h) stands 
for the domestic relative price of good 2 in 
state a, 


(30) p(a,0)=1+1,=MRT a=1,2,...,8 


where MRT is the marginal rate of transfor- 
mation along the real equity transformation 
curve at point (Z,, Z,), and (30) holds for 
both the tariff and the quota. From the 
maximization problem shown as (4), equi- 
librium requires 


(31) Ev,(a, h)p(a, h) 
~ MRTEv,(a, h)6,(a, h)=0 
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We represent a “small” increase in uncer- 
tainty by a shift of A from zero to a small 
positive A. 

Let 


(32) U(h)=Ev{ p(a,h); 0,(a, h)Z, 
+ p(a,h)Z,+[ p(a,h) 
~p(a,h)]M(a, h)} 


be the equilibrium expected-utility level, ex- 
pressed as a function of h, where M(a, h) is 
equal to state a imports given by 


(33)  M(a,h)=p(a,h)~'— 

Then 

(34) U(h) = U(0)+ U'(O)h 
+(1/2)U"(0)h? + residual 


Clearly, U(0) is the same for a quota and a 
tariff. We have to calculate U’(0) and U”(0) 
for a quota and a tariff. These calculations 
are presented in the Appendix. They yield 
U’(0)=0 for a tariff and a quota. Hence, 
the differences arise only from second- or 
higher-order terms. It is shown in the Ap- 
pendix that 


(35) U"(0)'"% =0,(0) 
A 
o2- Tr, [OA ~Z2t Zi)ovs— 


(1-Z,)o3 -Zo | -A| Z}02+(1 -Z,) 03 





—2Z,01 ~Z,)o3,| | 


(36) v0" 





=0,(0) l E [ Z,02 —M(0)o;3, | 


—A| Z?o2+ M(0)*02—2Z, M(0)o; a]| 
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where A is the absolute measure of risk 
aversion, which depends on the concavity of 
f(-). Using (30) and (33) - 


(37). M(0)=(1+1,)"'— 
Now, using (34)—(37), we have 


(38) UCR)" — UCh) I 


. t? 
=v; (0) -0+ A—2— (203,- o; ) 
(1+¢,) 


0 


Now observe that in the presence of risk 
neutrality, i.e., 4=0, or when 207 a< O5 the 
tariff dominates the quota. But if 205 >0ż, 
and the degree of risk aversion is suffi- 
ciently large (large 4), the quota dominates 
the tariff. This shows that a quota may be 
preferred to a tariff, and vice versa, depend- 
ing on the nature of the economy. 


V. Concluding Comments 


We have shown that in order to achieve a 


desired level of protection of the import- 


competing sector in the absence of interna- 
tional trade in securities, an equity subsidy 
is preferred to both an ad valorem tariff 
with a predetermined rate and to a quota 
with a predetermined size. We also have . 
shown that in this case a tariff may be 
preferred to a quota and vice versa, depend- 
ing on the structure of risk and attitudes 
towards risk. 

In the presence of international trade in 
securities, an equity subsidy dominates an 
ad valorem tariff whenever—under the 
equity subsidy— investors do not choose to 
specialize in holdings of assets of the 
domestic export sector and their perfect 
foreign substitutes. If domestic investors 
specialize in holdings of the exporting in- 
dustry’s equities as a result of restrictions on 
short sales, a tariff may dominate an equity 
subsidy. 

Our analysis concentrated on policy in- 
struments whose value is chosen ex ante. 
Thus, the tariff rate is chosen before the 
realization of a state of nature and the same 
rate applies to all states of nature; the quota 
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is chosen before the realization of a state of 
nature and the same size quota applies to all 
states of nature (although in some states it 
may not be binding). The equity subsidy is 
chosen and applied at the stage of invest- 
ment-—before the realization of a state of 
nature. Observe, however, that (as explained 
in Section III) a subsidy to sales of output 
of the industry whose equities we wish to 
subsidize, at a rate equal.to the rate of 
equity subsidy, achieves the same result as 
the equity subsidy if applied uniformly to all 
states of nature. Alternatively, the same re- 
sult can be achieved by a subsidy at a 
uniform rate (equal to s/(1+ 5), where s is 
the rate of equity subsidy) to employment of 


factors of production in the protected in-, 


dustry. Observe also that Abba Lerner’s 
symmetry theorem applies in the present 
framework to ad valorem tariff and export 
tax rates. Thus, our uniform tariff rate can 
be replaced by an ad valorem tax on exports 
at a uniform rate (equal to t/(1 +1), where ¢ 
is the tariff rate), bringing about the same 
allocation of resources. However, a specific 
tariff which is state independent does not 
have a state-independent specific export tax 
equivalent. The same is true for import and 
export quotas which are state independent 
—they are not equivalent. 

The nonequivalence of the above men- 
tioned instruments results from the de- 
termination of their level before a realiza- 
tion of a state of nature, and the application 
of these levels uniformly to every state of 
nature. If we are free to apply trade taxes 
and quotas at different rates and levels in 
different states of nature, that is, if we can 
choose the levels of these policy measures 
contingent on states of nature, then tariffs 
(specific and ad valorem), export taxes 
(specific and ad valorem), import quotas, 
and export quotas are all equivalent policies. 
For the state-dependent structure of any 
one of them there exist state-dependent 
structures of the other three which result in 
the same allocation of resources. We do, 
however, believe that state-contingent poli- 
cies are difficult to execute, and that in 
many cases feasibility considerations neces- 
sitate the choice of state-independent levels 
of policy instruments. 
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Nevertheless, if state-dependent interven- 
tion is feasible and there is no international 
trade in securities, there is no state-dependent 
policy which is strictly preferred to a subsidy 
on equity sales of the protected sector in order 
to achieve a desired level of protection. This 
can be seen as follows. Given (Z, Z2), in 
equilibrium (z,,2,)=(Z,,Z,) and the ex- 
pected utility level under any policy is 


Ev{ p°(a);0,(a)Z, +5” (a)0;(a)Z, 
+ [ p°(a)—p(a) ]c,(a) 
—[ p?(a)—p(a) |0,(a)Z,} 


where p°(a)=the consumer-relative price in 
state a; p’(a)=the producer-relative price 
in state a;c.(a)=equilibrium consumption 
of good 2 in state a; all induced by the 
policy under consideration. For example, 
under an ex post ad valorem tariff p°(a)= 
p?(a)=[1+7(a)] p(a), while under an ad 
valorem uniform subsidy on the second sec- 
tors output p°(a)=p(a) and p’(a)=f[1 
+5} p(a). Now, from a standard free trade 
argument: 


(39) vf p(a);8,(a)Z,+p(a)6,(a)Z9] 
> 0{ F(a) 38y(a)Z, +5” a)O4(a)Z, 
+[B°(a)-p(a)]en(@) 
= [8?(a)—p(a)] 6,(a)Z5} 


for any P°(a), p?(a), a= 1,2,..., S. Since for 
a subsidy on equity 2, p°(a)=p?(a)=p(a), jt 
is the best policy. Observe also that a state- 
independent output subsidy on good 2, fi- 
nanced by lump sum taxes, is also the best 
policy, since in this case p°(a)=p(a) and 
p’(a)=(1+s)p(a), so that for this policy 
the right-hand side of (39) is just equal to its 
left-hand side. 

Finally, let us comment on the use of 
state-independent trade taxes and quotas 
when an equity subsidy is not available. In 
this case there is room for independent uses 
of tariffs, export taxes, import quotas, and 
export quotas Gf.we use ad valorem trade 
taxes, a tariff and export tax are equivalent). 
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Each one of these tools may perform a 
useful task and one may be interested in 
their optimal combination. However, this 
question is beyond the scope of this paper. 


APPENDIX 
Generally, from characteristics of indirect 


utility functions, (32) yields, using (28a) and 
(29), 


(Al) 
U'(h) = Ev,(a, h){«(a)Z, —8(a)M(a, h) 
+[ p(a, h)—p(a, h) | M’(a, h)} 


where M’(a, h)=dM(a, h)/dh. From (A1), 
(A2) U"(h) = Bo,(2, n) —8(a)M’(a, h) 


PE PAG A) £ A). 5(a) | MCa, h) 


+[ (a, h)—p(a, hy] M"(a, h) | 


EEE (e(a)Z,—8(a)M(a, h) 


+ | P(a, h)—p(a, h)|M"(a, h)} 
. where 


alh h) _ 


(A3) -v(a, h)ezi(a, h) 


_dp(a, h) 
dh 


+[ p(a, h)—p(a, h)]M'(a, h)} 
However, c,,=0, so that the first term can 


be disregarded. Differentiating the equi- 
librium condition (31), we get 


+0,,(a, Pelaz, —8(a)M(a, h) 


(A4) 
i Bla; h)—MRTO (a, h)] 
+Ev,(«, h) Pan, —MRTe(a) | = 
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Evaluating (A4) at h=0, using (28a) and 
(30) and remembering that v; (a, 0)= v, (0) is 


. State independent, we get 


dp (a,0) =0 


(A5) b 


for a tariff and a quota. Differentiating (A4), 
and evaluating it at h=0, we get 


(A6) 2£v,,(0)| €(a)Z,—5(a) M(a,0) 
+1,M'(a oy}| Pe) ~ MRTe(a)| 


+ Eo (0) ZCO 0 


A. Tariff 


Consider now. the ad valorem tariff. If 
t(h) is the equilibrium tariff rate, 


(A7) p(a,h)=[14+4(h) ][1+48(a) | 


a=1,2,...,8 
Hence : 
(A8) POM (ny [1+h8(a)) 
+[1+1(h) ]8(a) 
(A9) FPG) = H(ny[1+8(0)] 
+2t'(h)8(a) 


Combining (A8) with (A5) implies ¢’(0)=0. 
Hence, 


dp(a,0) 


(A10) = =(1+1,)8(a). 
a=1,2,...,8 

l d’p(a,0) i _ 
(A11) ra "(0))s a=1,2,...,8 

From (33), using (A10) and (A11), 

(A12) M’(a,0)= —ê(a)/(1+t,) 


. a=1,2,...,8 
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(A13) M”(a,0)= =t" (0 /(1 +t) 
+2[ 6(a)]?/(1+t,) 
a=1,2,..., 


From (A6), using (A10)—(A12), we solve — 

(A14) t”(0)=2A(1+1,)[(1-Z,+Z,)o3 
=r (1 ~Z,)o2—Z,0 | 

where A=—v,,(0)/0,0)=-f"O/f'O) is 

the measure of absolute risk aversion at 


the initial, nonstochastic equilibrium point. 
Using (A1) and (A12), we get 
(A15) U0 =0 


and using (30), (A2), (A3), (A10), (A12), and 
(A13), we get 


(A16) U" . 





=v,(0){ of -24 


lo 
l+z a —Z,+Z,)o;s 


+ 


—(1-Z,)o2—Z,02 | 


-A| Z?o2+ (1 —Z,)°o? -2Z,(1-Z,)025| 


l B. Quota 

From (33), for a state-independent quota 
M(h) which is binding in every state, as it is 
in our case for small h (since initially the 
quota was strictly binding), we have 


(A17) p(a,h)=[Z,+M(h)]7' 
a=1,2,...,8 


Hence, p(a, h)=p(h) is state independent, | 


‘and using (A5), 
(A18) dp (0) /dh=0 
Now (A17) and (A18) imply 


(A19) M’(0)=0 


(A22) 
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Using (A18) and (A19), we solve from (A6): 
(A20) 
2 — 
S = —2A(1+t,)| Z,02—M(0)03, | 


Combining (A29) with (A17), 


lid I ` 
(A21) M (0)=24 7 | Zee MO] 


From (30), (Al), and (A19): 
U’(0) "7 =0 


and from (30), (A1), (A2), (A18), (A19), and 
(A21): 


(A23) UQE”. 





: [ Z,02—M(0)o3, | 


£ 
-v0 |24 1 +7, 


-A| Zjo2-+ MOa -22,M(0)o3] | 
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Unemployment, Inflation, and Monetarism— 
A Further Analysis: Comment 


By J. KIRKER STEPHENS* 


In a recent paper in.this Review, Robert 
Van Order proposes an interesting simplili- 
cation of the important model of Jerome 
Stein (1974). The purpose of this comment 
is to correct. some errors in Van Order’s 
analysis, to relate his results to Stein’s later 
work (1976b,c), and to analyze the role of 
these papers in the current debate over the 
mechanisms and effectiveness of macro- 
economic policy. . 

For the convenience of the reader and to 
simplify the necessary references to Van 
Order’s paper, his equations through (7) 
and relevant notation are reproduced: 

g, g*: actual and expected rates of infla- 
tion 

y: Teal output 

f: indicator of fiscal policy. 
M, m: nominal and real money supply 
P, W: levels of prices and wages - 


V: velocity of circulation 

n: growth rate of M 

A: speed of adjustment of expected 
inflation 

0: ratio of bonds to money 

ns: 

P: Phillips curve . 

F: production function 

E: aggregate demand 
S 
R 


© aa 


Functi 


: aggregate supply 

: reduced form of E and S 
Van Order’s equations are as follows: 
(1) g=P(y)+g* 
(2) Dg*=(g—g*) 
(3) Dg*=AP(y) 
(4) P/W=S(y) 
(5) P/W=(M/W)-E(y, f, g*,0) 


P'>0 
A>0 


*Professor of economics, University of Oklahoma. 


(5) Py/M=yE(y, f,g*,0)=V 

(6) y=R(f,m,6,g*) withm=M/W 
(7) Dy=R,Df+R,,Dm+ Re DO + R,.Dg* 
(7) Dm=m(n-g) 


I, Correction of Van Order’s Analysis 


To derive equation (8) Van Order says, 
“Assume f, n, and @ are constant. Then 
from (1) and (2), (7) becomes 


(8) Dy=—R,,m[ P(y)+3*| +R APY)” 


(p. 743) 


This, however, is incorrect. Assuming that n 
is constant, but not necessarily equal to 
zero, correct algebra yields! 


Dy=—R,,m[ P(y)+8*] +R AP(y) 
+R „mn 


Appropriate related corrections must be 
made to his succeeding equations also. 
Indeed, the correction of equation (8) is 
necessary for consistency with Van Order’s 
phase diagram for the system, which he says 
is derived from equations (3) and (8). Gee 
my Figure 1 which is essentially his Figure 1 
with some additions.) If (3) and (8) hold, 


IVan Order later states, “In the long run the time 
derivatives are zero...” (p. 743). One might then pos- 
sibly wonder whether he meant to assume M, rather 
than x, constant, in which case equation (8) would be 
correct since n would then be 0. However, as will be 
shown in the text, this is inconsistent, with his Figure 1, 
in which the equilibrium value of g* is not 0. Thus the 
statement that the time derivatives equal zero must be 
interpreted as referring only to those appearing in 
equation (7). 
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then the long-run equilibrium value of g* 
would have to be 0, instead of n as in Figure 
1, since the value of y that made the right- 
hand side of (3) equal to 0 would make the 
right-hand side of (8) equal to —R,, mg*, 
which (assuming R,,0) can only be 0 when 
g*=0. Thus the conditions Dg*=0 and Dy 
=0 could only be fulfilled simultaneously 
when ¢*=0. 

Van Order later says, “Consider a decline 
in the rate of monetary growth. This shifts 
the Dg* =0 line downward, leaving the long- 
run level of output unchanged” (p. 744). 
This is surely a misprint; it is the Dy=0 
rather than the Dg*=0 line that is shifted 


downward. With that correction the analysis 


is reasonable. 

He then says, “The simplified model 
brings out the issue of ‘stagflation,’ i.e., high 
inflation and high unemployment at the 
same time. Suppose that f is increased, rais- 
ing aggregate demand. This raises both em- 
ployment and inflation. Eventually we might 
expect f to be cut back perhaps to its initial 
level, putting us in a position like that at 
point D in the figure” (p. 744). This analysis 
is at best confused or misleading,” and in 
any event is not the most interesting case. 

The most interesting case, because of its 
role in the Keynesian-Monetarist debate 
(see, for example, Stein, 1976b, and Robert 
Solow), is the case where the fiscal variable f 
is increased and then maintained at its new 
higher level. Equation (7) does not contain 
f, but it does contain Df. Thus while f is 
increasing, the Dy=Q curve is shifted up- 
ward, say to the position Dy=0 (Df>0) in 


2Van Order refers to an increase in f, followed by its 
return to its original level. He appears to believe this 
will shift the Dy =0 line up and then back to its original 
position. Actually when Df>0, the Dy =0 curve will be 
above its original position (say at Y,¥,' in Figure 2). 
While f is maintained at a higher level Df will equal 0 
and the curve will return to its original position (Yg Yo’ 
in Figure 2). When f is decreased toward its original 
level, Df will be negative for a time so the Dy =0 curve 
will be below its original position for a time (say at 
Y Y, in Figure 2). Finally, when f stabilizes at its 
original level, the Dy =0 line will once again resume its 
original position. The path y and g* will actually follow 
throughout this process will depend on the speed of 
adjustment of y and g* compared to the timing of the 
shifts in the curve. 
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Figure 1. Tie PATHS OF OUTPUT AND 
EXPECTED INFLATION 


Figure 1. Output and inflation would ini- 
tially rise, although the system would be 
headed for an equilibrium at point E with 
output back at its initial level but higher 
inflation. However, if fis then maintained at 
a constant increased level, Df will again 
equal zero and the Dy =0 curve will return 
to its original position. Suppose that, at the 
time the Dy =0 curve returned to its original 
position, the economy had reached point D. 
Then the economy would follow the path 
DCO back to the original (and now reestab- 
lished) equilibrium point. Thus the path Van 
Order describes is appropriate to the case of 
a permanently maintained increase in the 
fiscal variable; it does not require that f be 
cut back to its initial level. 


Il. Relations to Stein’s Later Work 


On properly analyzing the Van Order 
model, its long-run result when f is in- 
creased to a maintained higher level is that 
the rate of (wage) inflation g and the level of 
output y are unchanged. These results con- 
cerning the effect of a maintained change in 
fiscal policy which does not affect the long- 
run rate of inflation via changing @ are 
entirely consistent with those obtained by 
Stein. = 
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Van Order says, “Here we keep with the 
standard assumption (as in Stein’s model) 
that M and @ are exogenous” (pp. 742-43). 
(As he acknowledges, because of the gov- 
ernment budget constraint, changes in f in 
his model must therefore be of a “balanced 
budget” type.) However, Stein (1974) con- 
siders situations where @ is endogenous; for 
example, “A rise in @ (say, resulting from a 
tax reduction where the deficit is financed 
through bond sales)...” (p. 886). Stein 
(1976b) considers the effect of “nonbal- 
anced-budget” fiscal policy on the economy 
via its effect on @ in greater detail. 

Stein says, “Within the context of this 
[1976b] model, the entire monetarist-fiscalist 
(neo-Keynesian) controversy hinges upon 
the sign of P,” (p. 194), (see also 1976c). In 
his model the sign of P, determines the 
direction of the long-run effect, if any, on 
the rate of inflation of a maintained deficit 
(or surplus) financed by issuing (or retiring) 
bonds. The sign of Rọ in fact plays virtually 
the same role in Van Order’s model, al- 
though Van Order takes no note of this. 

Consider the situation where an increase 
in government purchases (of goods) to a 
maintained higher level is financed by bond 
sales. The long-run effect of this in Stein’s 
model will be to increase the rate of (price) 
inflation if P;>O (his “Keynesian” case). 
The rate of inflation will remain unchanged 
if P;=0, and will be lowered if P;<0 (his 
“monetarist” cases). Now consider the same 
situation in Van Order’s model, making 8 
endogenous to allow the possibility of such 
a nonbalanced-budget change in fiscal 
policy. Starting from an initial equilibrium 
with the Dy =0 line at Y Yy’ in Figure 2, the 
Dy =0 line will have an initial impetus shift- 
ing it up while. Df>0, and another impetus 
(possibly) shifting it in a direction de- 
termined by the sign of R, since D@>0 (see 
equation (7)). Once f has reached its new 
maintained level the first effect will disap- 
pear and only that due to the term RDO 
will remain. This effect (unless R,=0) will 
‘be permanent since the maintained deficit 
will require continual issuing of additional 
bonds to finance it. If Rọ>0 the Dy =0 line 
will be permanently shifted up (say to Y,Y/’), 
and the new equilibrium £, will be one with 
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Yo 


Y 


FIGURE 2. EQUILIBRIA OF OUTPUT AND 
EXPECTED INFLATION 


a higher rate of (wage) inflation than at the 
initial equilibrium. If R,=0 then the Dy=0 
line will return to its initial position and the 
initial equilibrium at 0 will be reestablished. 
If Rọ<0 the Dy=O line will end up shifted 
down (say to Y,Y,’) and the new equilibrium 
E, will be one with a lower rate of inflation 
than the initial equilibrium. Thus the sign of 
R, indeed plays virtually the same role in 
the long-run analysis of Van Order’s model 
that the sign of P; plays in the long-run 
analysis of Stein’s. And as Van Order indi- 
cates, the sign of Rọ is “...ambiguous since 
a rise in bond holdings tends to raise ag- 
gregate demand via a wealth effect and to 
lower it by increasing the demand for 
money...” (p. 742). In this regard, also, Ry 
is analogous to P}. 


II. Output and Employment in the Long Run 


Van Order says, “A Keynesian position 
might be that the Dg*=O line is not flat, 
assuming that the coefficient of g* in (1) is 
less than unity, but that is not of central 
importance” (p. 745). It is hard to see how 
this can fail to be of central importance 
since the question of whether the relation 
Dg*=0 is horizontal and not shifted by fiscal 
or monetary policy determines whether the 
long-run equilibrium level of output (and 
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unemployment) can be affected by ordinary 
macro-economic policy. 

There are at least three reasons why the 
relation Dg*=0 may not be fixed and hori- 
zontal. First, as Van Order indicates, the 
coefficient of g* in (1) might not equal one. 
Suppose his (1) is generalized as 


(la) g=P(y)t+ag* P’>0,a<1 


Then his (3) is replaced by 
(3a) Dg*=d[ P(y)—(l—a)g*] 


which gives the Dg* =O line a positive slope 
when a<l. 

Second, even if g* has a coefficient of 
unity the function P may not be indepen- 
dent of g*. Stein says of the unemployment 
term in his equation for wage change: 


The A function is a macro-economic 
relation which reflects the distribution 
of employment and unemployment 
among the various sectors of the econ- 
omy. It is quite possible that the k 
function is related to the dispersion of 
the unemployment or to the composi- 
tion of the labor force which, in turn, 
is related to the actual rate of price 
change z...even though the coeffi- 
cient of the expected rate of price 
change...is unity. Therefore, the h 
function may be A(U, ~) instead of 
h(U). [1976b, p. 187]? 


Since the rate of price change is related to 
the rate.of wage change which, in turn, is 
related to the expected rate of wage change, 
the analogous situation in the Van Order 
model would be to replace his equation (1) 
by | 


(1b) g=P(y,g*)+g* 


so his (3) would be replaced by 
(3b) Dg* =A P(y, g*) 


3A similar argument is presented less forcefully in 
Stein (1974, pp. 871-72.. 
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which would also yield a nonhorizontal Dg* 
=0 line.* 

Third, if workers are primarily interested 
in after-tax real wages rather than before-tax 
real wages, a change in tax rates will change 
the /ong-run equilibrium level of employment 
and output. That is, by changing the dif- 
ferential between before-tax and after-tax . 
real wages, it will change the level of em- 
ployment (and so of y) at which workers are 
providing the amount of labor they wish to 
at the (after-tax) real wage they are receiv- 
ing and employers are employing the amount 
of labor they wish to at the (before-tax) real 
wage they are paying.” Thus changes in f 
can change the equilibrium value of y so 
Van Order’s (1) will be replaced by 


(ic) g=P(y, f) +s" 
Therefore his (3) would be replaced by 
(3c) Dg*=P(y, f) 


In this case the Dg* =0 line will be horizon- 
tal for any given value of f, but can be 
permanently shifted by a change in f to a 
different maintained level. 

Any of these three effects yields a result 
importantly different from that of Van 


‘Order’s model, namely that at least some 


forms of fiscal or monetary policy can affect 
the long-run equilibrium level of output and 
employment. 


IV. Conclusion 


In considering the question of what issues 
constitute the differences between the Mone- 
tarists and the Keynesians, Van Order 
makes the following very useful suggestion: 
“It is convenient to separate these issues 
into long run, short run and medium run, 
the first two relating to comparative statics 


4A somewhat similar argument can be based on the ` 
work of Edmund Phelps (chs. 2,3, especially pp. 75-80). 

>For the theoretical argument that workers are inter- 
ested in after-tax wages see Thomas Dernburg, Robert 
Gordon (1971), and J. Johnston. For empirical con- 
firmation see C. J. Bruce, Gordon (1971), and Johnston 
and M. Timbrell. 
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in either the long run or short run and the 
last relating to comparative dynamics” (p. 
744). He then emphasizes the medium run, 
concluding “...the simple model enables 
one to view more easily Monetarist vs. 
Keynesian arguments in dynamic terms; al- 
though, perhaps surprisingly, the crucial 
parameters turn out to be those emphasized 
in most static textbook models, R,., Rm 
and P’” (p. 746). These particular parame- 
ters are crucial in his model because they 
determine the speed of adjustment of in- 
come and thus the relative importance of 
the short run emphasized by the Keynesians 
and the long run emphasized by the 
Monetarists. 

Stein, on the other hand, strongly em- 
phasizes the sign of P,, basically a long-run 
issue, as the issue between the Keynesians 
and the Monetarists. (See his statement 
quoted above.) After responding to criticism 
of this position he reaffirmed it: “I am even 
more convinced now than I was that the 
sign of P;...is the essence of the difference 
between the monetarists and the neo- 
Keynesians” (1976c, p. 258). 

The question of exactly which issues are 
part of the Keynesian-Monetarist debate is 
perhaps a semantic one that can safely be 
left for future historians of economic doc- 
trine. It does seem useful, however, to set 
out the following issues which are all part of 
the current debate over the mechanisms and 
effectiveness of macro-economic policies. 

Short-run issues: Is it the case, as Van 
Order says, that “In the short run, em- 
phasized by Keynesians, employment is 
variable and can be affected in the usual 
ways by monetary and fiscal policy” (p. 
745)? Or is it the case that systematic 
monetary policy cannot affect output even 
in the short run, as argued by Thomas Sar- 
gent and Neil Wallace based on rational 
expectations (and variously rebutted by 
Phelps and John Taylor, Gordan (1977), 
and Stanley Fischer)? Or is the short run 
characterized by some other scheme whereby 
fiscal and monetary policy can affect output 
and unemployment, but in “unusual” ways? 


SHowever, the sign of P, has medium-run implica- 
tions (1976b, pp. 204-06). 
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Medium-run issues: Here, as Van Order 
emphasizes, the question is the magni- 
tude of the speed of adjustment, which de- 
termines the relative importance of the short 
run and the long run. 

Long-run issues: 1) Does bond-financed 
fiscal policy have any long-run effect on the 
growth of aggregate demand? This depends 
on P, in Stein’s model and on Ry, in Van 
Order’s. (See also Alan Blinder and Solow, 
1973, 1976; Ettore Infante and Stein; James 
Tobin and Willem Buiter.) 2) Is fiscal or 
monetary policy capable, for example, for 
any of the three reasons suggested in Sec- 
tion ITI, of affecting the level of output and 
employment in the long run? 

All of these questions will have to be 
satisfactorily resolved before macro-eco- 
nomic policy formation can be put on a 
truly firm footing. 
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Unemployment, Inflation, and Monetarism— 
A Further Analysis: Reply 


By ROBERT VAN ORDER*. 


I have no general comments on J. Kirker 
Stephens’ insightful paper, with which I 
more or less agree. I do have five specific 
points. 

l. Equation (8) in my paper is indeed 
incorrect, the constant term R„mn having 
been left out. The equations that follow ((9) 
and (10)) are correct, since the variables in 
them were defined to be measured as devia- 
tions from their long-run levels, which 
eliminates the constant terms. 

2. The shift in the Dg* =0 line (see my 
paper, p. 744) is a misprint and as suggested 
by Stephens should be a shift in the Dy =0 
line. 

3. I do not agree with the interpretation 
of my analysis of a change in fiscal policy 
(f). In my paper (as opposed to Jerome 
Stein’s) the “goods” market clears instanta- 
neously, and output can change instanta- 
neously. In terms of the phase diagram, the 
initial level of y changes instantaneously 
when f changes. Hence, I do not argue (as 
in Stephens’ fn. 2) that the rise in f shifts the 

=Q line. Rather it raises the initial level 
` of y. Subsequent adjustment of expectations 
moves the economy (f constant) into the 
northeast quadrant. Then when f is (instan- 
taneously) reduced to its initial level we are 
left not at the “origin,” but rather at a point 
like “D” in the diagram. I do think that this 
is an “interesting” experiment and Stephens’ 
discussion, which emphasizes gradually ad- 
justing f, says essentially the same thing. As 
is the case in all models that have a Phillips 
curve like equation (1) and have g=g* in 
the long run, neither fiscal nor monetary 


*U.S. Department of Housing and Urban Develop- 
ment. 
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policy affect y in the long run unless they 
directly enter the Phillips curve. 

4. With respect to long-run properties, 
Stephens is certainly correct that the Dg* =0 
line might not be horizontal, the role of tax 
rates and labor supply certainly being plau- 
sible. I still doubt that this is of central 
importance to the “Keynesian vs. Mone- 
tarist” controversy, because I doubt there is 
much disagreement about long-run proper- 
ties of these models and because the dy- 
namic properties appear to be reflected more 
in the Dy =0 line. In any event I doubt that 
the effects of, say, changing marginal tax 
rates on labor supply are: qualitatively a 
major source of controversy. 

= 5. Finally, as Stephens suggests, both 
my model and Stein’s deal with the “old- 
fashioned” Monetarist controversy. Because 
they are built on an adaptive expectations 
approach to the adjustment of inflationary 
expectations they cannot, except trivially, 
deal with rational expectations. The only 
light we do have to shed is that if we view 
rational expectations as the limiting case 
where the speed of adjustment, A goes to 
infinity, then such models are unstable. 
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On the “qg” Theory of Investment 


By HIROSHI YOSHIKAWA* 


The purpose of this paper is to discuss the 
micro-economic foundations of the “q” the- 
ory of investment advanced by James Tobin, 
and by Tobin and William Brainard. This 
theory of investment can be summarized as 
follows: ! 


The neoclassical theory of corporate 
investment is based on the assumption 
that the management seeks to maxi- 
mize the present net worth of the com- 
pany, the market value of the out- 
standing common shares. An invest- 
ment project should be undertaken if 
and only if it increased the value of 
the shares. The securities markets ap- 
praise the project, its expected contrib- 
utions to the future earnings of the 
company and its risks. If the value of 
the project as appraised by investors 
exceeds the cost, then the company’s 
shares will appreciate to the benefit of 
existing stockholders. That is, the 
market will value the project more than 
the cash used to pay for it. If new debt 
or equity securities are issued to raise 
the cash, the prospectus leads to an 
increase of share prices. 

[Tobin and Brainard, p. 242] 


[Thus] the rate of investment — the 
speed at which investors wish to in- 
crease the capital stock — should be 
related, if to anything — to q, the 
value of capital relative to its replace- 
ment cost. [Tobin, p. 330] 


Economic logic indicates that a nor- 
mal equilibrium value for g is 1 for 
reproducible assets which are in fact 
being reproduced, and less than 1 for 
others. Values of g above 1 should 


*State University of New York-Albany. I would like 
to thank James Tobin, Katsuhito Iwai, Hirofumi 
Uzawa, and an anonymous referee for their helpful 
comments. 

1Elaborations and qualifications of the theory can 
be found in section 1 of Tobin and Brainard. 
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stimulate investment, in excess of re- 
quirements for replacement and nor- 
mal growth, and values of q below l 
discourage investment. 

[Tobin and Brainard, p. 238] 


The q theory of investment is now quite 
popular.” However, there seems to be con- 
siderable confusion about how the theory is 
to be interpreted. For example, Robert Hall 
argued that the g theory is basically a neo- 
classical theory 4 la Dale Jorgenson, and 
that only incomplete information and de- 
livery lags can account for “disequilibrium” 
values of q and for their relation to invest- 
ment. Otherwise, he argued, investment 
would keep q equal to one. On the other 
hand; Michael Lovell, “struck by similarities 
between q theory and the neoclassical ap- 
proach of Dale Jorgenson, Robert Hall, and 
Others (p. 399), criticized both approaches 
in th ollowing way: 


Neither approach works out the dy- 
namics of the adjustment process 
within the context of a carefully ar- 
ticulated optimization framework that 
would specifically incorporate the pro- 
cess of expectation formation and ad- 
justment costs. In this respect, both 
theories are dominated by a number of 
contributions that have derived the op- 
timal time path of adjustment simulta- 
neously with the “determination of the 
properties of the ultimate long-run 
equilibrium. [pp. 399—400] 


The major point of this paper is that q 
theory can be derived from a choice- 
theoretic framework which explicitly takes 
account of adjustment costs associated with 
investment. The framework is similar to 
those of Robert Lucas, John Gould, and 


2For example, Robert Hall called it “the major 
competitor to Jorgenson’s theoretical framework for 
investment” (p. 85). 
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Hirofumi Uzawa, which were in turn antic- 
ipated by Robert Eisner and Robert Strotz. 
These authors criticized Jorgensonian in- 
vestment theory on the following grounds. 
In Jorgenson’s theory, “desired” capital 
stock is first determined and then invest- 
ment is derived as a process induced by the 
discrepancy between the desired capital 
stock and current actual capital stock. The 
theory assumes, of course, the existence of 
adjustment costs associated with investment. 
Otherwise, Jorgenson’s theory can explain 
only optimal capital stock, but not optimal 
investment. However, if the existence of ad- 
justment costs is important, it must de taken 
into account explicitly in firms’ decisions 
about investment. In this case, the notion of 
desired capital stock derived apart from ad- 
justment costs loses much of its meaning. 

In what follows, I show that the g theory 
of investment can be derived following 
Lucas-Gould-Uzawa models of investment 
which emphasize the role of adjustment 
costs. For this purpose, let us consider a 
one-commodity model in which the money 
price of this single commodity is denoted by 
p. Suppose that the’ production technique of 
the firm under consideration is described by 
the following production function: 


(1) O=F(L, K) 


where Q, L, and K are, respectively, output, 
labor employed, and an index of fixed 
capital such as machines, factories, and 
managerial resources. The function F is as- 
sumed to be homogeneous of degree one. 
Given K, the firms’ labor employment deci- 
sion can be characterized in the usual way: 


(2) Max f (pQ—wL)e~"' dt 


where w is the wage rate and p is the rate of 
return on capital equity required by stock- 
holders. Given expected p and w, the neces- 
sary condition is? 


3For simplicity, I assume static expectations about p 
and w. The basic analysis, however, remains unchanged 
even if I assume changing expected p and w in so far as 
they are expected to change at the common trend rate 
of inflation. 
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(3) p(9Q/aL)=w for all t 


Under the homogenity assumption of F, 
this is equivalent to i 


(4) Hk) —-f'(k)k=w/p 


where f(k)=F(K/L,1) and k=K/L. De- 
noting the expected marginal product of 
capital, or the expected rate of profit as r, 
we have 


(5) r=f'(k) 


Thus, under the optimal employment de- 
cision (4) corresponding to a given expected 
w and p, the stock price of the firm (2) is 
reduced to the following: 


oe 
(6) n prKe~"'dt=prK/p 
0 


Let us consider a current “once and for 
all” investment decision of the firm. The 
firm must decide how fast it should increase 
its capital stock. An increase in capital is 
denoted by AK. As for a decrease in capital, 
there is usually a lower limit set by natural 
depreciation, since physical capital is not 
malleable and the firm incurs prohibitive 
costs when decreasing the existing capital 
stock too fast. (Kenneth Arrow analyzes the 
case where investment is irreversible in an 
explicitly dynamic model.) I will assume AK 
20 in what follows, and for simplicity, de- 
preciation is ignored. 

Now the fundamental factor required to 
eliminate the indeterminancy of the optimal 
level of investment is the adjustment cost 
associated with high investment, that is, with 
a rapid rate of capital increase. It should be 
clear that this point is related to the distinc- 
tion between the marginal efficiency of 
capital and the marginal efficiency of in- 
vestment. Let us assume that the effective 
price (after taking into account adjustment 
costs) of investment goods is not lower than 
the going market price of capital goods p, 
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and that it increases as the amount of in- 
vestment increases. This is due to the ex- 
istence of a particular kind of resource such 
as management which cannot be increased 
proportionally to physical capital and/or to 
an increasing supply price of investment 
goods. Specifically, I will introduce the fol- 
lowing function: 


(7) -¥(a) 


where {0)=1,Y’>0,0" >0,a=AK/K 


CUOR, 


Under this assumption, the effective price of 
investment AK when the growth rate of 
capital is a, is not pA K but py(a)AK, which 
is larger than på K. Then the market value 
of this firm after the investment is the fol- 
lowing: 


(8) pr(K+AK)/p—py(a)AK 
=pr(1+a)K/p—py(a)aK 


The firm is assumed to maximize this 
value with respect to a>0. The first-order 
condition 1s 


(9) r/p—wp'a-W<0 


where, if a>0, the equality holds. The sec- 
ond-order condition —2y’—aw” <0 is al- 
ways satisfied. From this, we know that for 
AK>0, g=r/p>1 is necessary. Note that 
in the present framework the value of capital 
stock evaluated in the financial market 
prK/p, relative to its replacement cost pK, is 
r/p. This is Tobin’s q. If r/p S 1, AK=0iin 
this model. If we now define f(a) =wy’(a)a+ 
(a) where /’>0 and f(0)=1, it can be seen 
from Figure 1 that the optimal growth rate 
of capital stock a*, and thereby the optimal 
level of investment AK~a*K, are uniquely 
determined. Note that f(a) in Figure 1 indi- 
cates the marginal effective cost of capital 
increase expressed as a function of the rela- 
tive rate of capital increase, and that the 
condition for optimal a* is the equality of q 
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to this marginal effective cost, f(a). Thus 
given the marginal effective cost function 
f(a), investment is shown to be an increas- 
ing function of q in Figure 1. 

Before proceeding to a more complicated 
case, some qualifications about the above 
analysis are in order. One is the specific 
nature of the adjustment cost function (a) 
(equation (7)). Although a convex adjust- 
ment cost function is fairly standard in the 
literature (for example, see Lucas, Gould, 
and Uzawa) Michael Rothschild em- 
phasized the possibility of a concave adjust- 
ment function. More general functions might 
affect the above analysis. Secondly, the fact 
that r is taken as given is valid only under 
our simplifying assumption of a homoge- 
neous production function. Under decreas- 
ing returns to scale r decreases when K 
increases. This would not, however, affect 
the above analysis substantially. Finally, the 
expected return on new capital is assumed 
to be equal to that on existing capital r. If 
they are not equal, it is “the q ratio on the 
margin that matters for investment: the ratio 
of the increment of market valuation to the 
cost of the associated investment” (Tobin ` 
and Brainard, p. 243). This can be seen in 
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my analysis by assuming the following in- 
stead of (8): 


(10) prK/p+pr’AK/p—py(a)AK 
=prK/p+pr'aK/p—py(a)aK 


This is the market value of the firm when 
the expected return on new capital, r’ is 
different from r. The maximization of (10) 
with respect to a leads to the optimality 
condition which requires the equality of q’ 
=r'/p to f(a). That is, the marginal q, q’ 
must be equal to the marginal effective cost 
of capital increase, f(a). The reinterpreta- 
tion of Figure 1 should be straightforward. 
These qualifications are also applied to a 
dynamic model to which I now turn. 

The above static model should make clear 
my basic point but it assumed, among other 


things, that the investment decision consid- 


ered is once and for all. More generally, 
_ however, investment decisions would be 
made successively, and in this case they 
must be made optimally from a dynamical 
viewpoint. Mathematically the problem is 
one of calculus of variations rather than 
differentiation.* Uzawa analyzes this more 
complicated problem. The simplified ver- 
sion of his model is 


(11) Max f ” p(r—@(z))K(ePdt 


where z(t)= DK(t)/K(t) and r, p, K{O), p are 
all given. The term ®(z) is the effective cost 
of adding capital after taking account of 
adjustment cost. This effective cost is greater 
the faster is the growth rate of capital. 
Specifically we assume ®(z) has the follow- 
ing property: 


(12) 
®'(z) >0, ®’(z) >0, (0) =0, (0) =1 


Uzawa’s analysis shows that if a solution 
exists, then it is unique and the optimal z is 
constant over time. It is also shown that the 
optimal z, z*, must satisfy the following re- 
lation: 


‘This is the problem analyzed by Lucas, Gould, and 
Uzawa. 
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(13) (r-®(2*))/(p—z*) = O(z*) 


Thus z* can be found from Figure 2. 
Note that (r—®(z))/(p—z) is q in this dy- 
namic context since on the optimum path z 
is constant and so from (11) the present 
value of the firm evaluated in the financial 
market is p(r—®(z))K(0)/(o—z), whereas 
its replacement cost is pK(0). Therefore q is 
modified by the growth rate of the firm, z, 
and the steady investment payment ®(z) in 
this dynamic model. The slope of ®(z) is, 
on the other hand, the marginal effective 
cost of investment. It should. be clear from 
Figure 2 that only at z* is the optimality 
condition satisfied: g=(r—®(z))/(p—z) is 
equal to the marginal effective cost of in- 
vestment, ®’(z). This is a natural extension 
of the previous static result. It should also 
be clear that given the adjustment cost func- 
tion @(z), and present capital stock K, 
investment (or z) is an increasing function 
of q. l 

One point to be noted here is the meaning 


= of the assumption ®'(0)=1. This assump- 
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tion means that the effective cost of adding 
one additional unit of capital is simply the 
market price of capital goods. If there exists 
some fixed cost associated with any invest- 
ment, then we would have ©’(0)>1 instead 
of ©’(0)= 1, and in this case the critical level 
of q would be larger than one. 

Let me summarize my analysis. In a sim- 
ple investment model emphasizing adjust- 
ment cost (this seems to be a reasonable one 
if we recognize that investment decisions 
concern the speed of increase in capital stock), 
it has been shown that the optimality condi- 
tion requires the equality of g (the marginal 
q if the expected return on new capital is 
different from that on existing capital) to 
the marginal effective cost of investment. 
Aside from the price of capital goods, the 
latter is determined by the adjustment cost 
function. Therefore, the above optimality 
condition means that given the shape of the 
adjustment cost function, investment is an 
increasing function of g. Thus, contrary to 
Lovell’s comment on the q theory of invest- 
ment, this theory can be derived from the 
maximizing behavior of the firm explicitly 
taking into account adjustment cost. By im- 
plication, this paper has also shown that the 
q theory is different from Jorgenson’s neo- 
classical theory. The q theory, allowing the 
divergence between the value of capital 
evaluated in the financial market and the 
price of capital goods, is a theory which 
explains how investment (change in capital 
stock) is motivated by this apparent short- 
run disequilibrium. No wonder, as observed 
above, adjustment cost plays a crucial role 
in this theory. Jorgenson’s theory, on the 
other hand, basically concerns the long-run 

demand for capital stock. 

' One final remark is that in the q theory, 
as in John Maynard Keynes’ exposition in 
chapter 12 of his General Theory, the rate of 
profit r is the one expected by stockholders. 
It seems worth future study to explore 
whether or not the divergence between ex- 
pectations of r held by asset holders and by 
entrepreneurs has some implications for in- 
vestment theory.” 


5One possible answer would be that if the two 
expectations are different, firms buy and sell their own 
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stocks, so that the divergence between two expectations 
has not much significance. Cambridge economists, on 
the other hand, seem to emphasize the role of expecta- 
tions of entrepreneurs distinguished from those of asset 
holders. 


Optimal Corrective Taxes or Subsidies when 
Revenue Raising Imposes an Excess Burden 


By YEw-KWwAanc NG* 


This paper addresses the following prob- 
lem. Suppose that for some reason, a tax or 
subsidy on a certain good may be desirable, 
for example, as it produces an external dis- 
economy or economy. However, a subsidy 
has to be financed by other taxes and a tax 
contributes to government revenue. If the 
revenue can be raised by nondistortive taxes, 
then this may not be a relevant issue. How- 
ever, revenue has to be raised by distortive 
taxes in practice (usually income or value- 
added taxes). Is it then still desirable to tax 
or subsidize external diseconomies or econo- 
mies?! One is inclined to reply that it all 
depends on the relevent interrelationships 
and nothing can be said a priori due to the 
second best considerations. In this paper, it 
is argued that, given a reasonable assump- 
tion likely to prevail in most cases, a normal 
tax or subsidy is still desirable provided the 
government revenue requirement is not too 
high. The “counternormal” policy of tax- 
ing/subsidizing external economies /dis- 
economies cannot however be ruled out 
completely, even if the amount of revenue 
required is zero. 

This problem has been largely ignored in 
the literature. The optimal taxation litera- 
ture (for an introduction, see Agnar Sandmo, 
1976, or Anthony Atkinson, 1977; for an 


*Monash University. I am grateful to the managing 
editor and a referee for helpful suggestions. 

‘It is true that, for a given situation, we do not have 
to subsidize an external economy, we could tax it 
negatively; i.e., the less the activity, the higher the total 
tax bill. This is equivalent to a subsidy plus a lump sum 
tax. The government does not then have to finance the 
subsidy. However, while this may be good enough for 
this particular externality, it will adversely affect ef- 
ficiency in the long run as people will then refrain from 
producing external economies. Moreover, the point of 
reference to determine the negative tax or the amount 
of the lump sum tax is difficult to determine in an 
acceptable way. The negative tax solution to the prob- 
lem may be safely dismissed as both inefficient and 
- impractical. 
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authoritative synthesis, see James Mirrlees, 
1976) concentrates on taxation for revenue 
and income distribution purposes without 
incorporating corrective taxes or subsidies. 
On the other hand, the literature on the 
Pareto optimality of a competitive equi- 
librium (with taxes or subsidies) in the pres- 
ence of externalities usually ignores the 
government revenue requirement and the 
impracticability of nondistortive taxes. (See, 
for example, Hiroaki Osana where lump sum > 
taxes and subsidies are used.)” 

In the following analysis, I assume that 
the government revenue requirement is given 
and has to be raised by a proportional in- 
come taxation. Income taxation is selected 
partly for its practical importance and partly 
for the fact that, if we abstract from dif- 
ferential rates (which may be explained by 
such considerations as merit/demerit goods, 
externalities, etc. themselves), general com- 
modity taxation (for example, a value-added 
tax) is equivalent to a proportional income 
tax. My disregard for possible progressivity 
is due mainly to the need for analytical 
simplicity, but may be justified by a pre- 
dominant concern with efficiency issues.’ 
While I keep referring to externalities, my 
analysis may also be applied to other factors 
justifying corrective taxes and subsidies. For 


*See, however, Efraim Sadka who derives optimality 
conditions for taxes with consumption externalities. 
Consistent with the theory of second best, the direction 
of taxes and subsidies can go either way. Sandmo 
(1975) also analyzes a similar problem in a different 
(commodity taxation) framework than mine. My in- 
come taxation framework recognizes the practical diffi- 
culties of a system of complicated rates of commodity 
taxes and leads to the concentration on factors such as 
the degress of substitutability with leisure. I am in- 
debted to Richard Zeckhauser for drawing my atten- 
tion to the last reference. 

3Linearity in taxes but no strict proportionality also 
receives support from the optimal income taxation 
literature (see Mirrlees, 1971, and Atkinson, 1973). My 
analysis can be revised to cover the linear case. 
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example, the analysis below can be interpret- 
ed, without any substantive changes, to re- 
fer to merit /demerit goods. 

For the benefit of nonspecialist readers, 
the main results of this paper are presented 
in Section I. The analysis leading to these 
results is contained in Section II. The last 
section remarks on the policy relevance of 
my analysis and the relaxation of some of 
the simplifying assumptions used. 


I. Results 


Using the usual stmple model of the opti- 
mal commodity taxation literature and rea- 
sonably assuming that the social marginal 
utility of income is positive, the following 
proposition may be derived. 


PROPOSITION 1: In the simple economic 
model where the government revenue must be 
raised by distortive income and/or uniform 
value-added taxes, the presence of an external 
diseconomy feconomy still calls for a correc- 
tive tax /subsidy provided that (a) an increase 
in the (consumer) price of the externality- 
producing good is more effective in reducing 
its consumption proportionately than is an in- 
crease in the (consumer) price of labor in 
increasing it, proportionately to labor; (b) a 
compensated increase in the price of labor is 
more effective in increasing labor supply pro- 
portionately than is a compensated increase in 
the price of the externality-producing good in 
reducing labor supply, proportionately to the 
amount of the good;* (c) the government reve- 
nue requirement is not too high. If the revenue 
requirement is not negligible, the case for a 
subsidy is weakened and may be reversed but 
the case for a tax is strengthened. 


After the theory of second best, it is not 
surprising that a corrective tax/subsidy 


* Observant readers may have noticed that condition 
(a) is stated in the uncompensated form while condi- 
tion (b) is in the compensated form. Due to the precise 
proportionalities involved, the income effects cancel 
out exactly. Hence if either condition holds in the 
compensated form, it also holds in the uncompensated 
form and vice versa (see Section II). I intentionally 
State (b) in the compensated form, as the uncom- 
pensated form may appear less plausible than it really 
is. 
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based on the partial-equilibrium analysis 
may no longer be desirable in the presence 
of the need to raise distortive taxes. For 
example, consider a subsidy for an external 
economy which must be financed by an 
increase in income tax. If condition (a) in 
Proposition 1 is reversed, a reduction in the 
price of the good due to the subsidy is less 
effective in increasing its consumption. than 
a reduction in the price of labor (due to an 
increase in income tax) in reducing its con- 
sumption, proportionately. The subsidy (and 
the required income tax to finance it) may 
then be counterefficient. However, as argued 
in Section II, both conditions (a) and (b) are 
likely to hold for most goods. Moreover, if 
either condition is violated, it is likely that 
the other one does not hold either. Normal 
corrective taxes /subsidies still apply due to 
the following proposition. 


PROPOSITION 2: Proposition 1 remains 
true if both conditions (a) and (b) are reversed. 


Even for cases where only one of the two 
conditions are violated, it may still be 
desirable to adopt normal corrective taxes / 
subsidies. But the counternormal policy of 
taxing/subsidizing goods producing ex- 
ternal economies/diseconomies cannot be 
ruled out completely. Due to the fact that 
conditions (a) and (b) can be expressed in 


= uncompensated forms, the empirical task of 


establishing their fulfillment is made less 
difficult. 


II. Analysis 


Let us first analyze a deliberately sim- 
plified. model so that the central argument 
can be appreciated easily. Suppose that there 
are n+l commodities in the economy, the 
last one being labor. As in the optimal com- 
modity taxation literature, assume that the 
consumer side of the economy can be repre- 
sented by one consumer or a community 
utility function, 


(1) UG wee") 


where x' is the amount of the ith good 
consumed, L is labor, and E is the amount 
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of the only external efféct produced either 
by the consumption or production of the 
first good. Abstracting from the problem of 
increasing or reducing E for any given x', 
` we may define the units such that E=x". 
Each consumer is taken as atomistic and 
takes prices, tax rates, wage rate, and E as 
given (not affected by his own decision). He 
maximizes (1) with respect to L and x’ sub- 
ject to 


(2) (1+t)p'x'+ Sye —T)wL 


where ¢ is the tax rate (subsidy if negative) 
on the first good, T is the tax. rate on in- 
come, p° are prices, and w is the wage rate. 
‘Thus, only a proportional income tax (or a 


uniform value-added tax) and a possible. 


tax/subsidy on good 1 are- being considered. 
The first-order conditions for a ‘maximum 
are 


(3a) U, =A(1+t)p' 


(3b) _ U=Ap i=2,...,n 
(3c) -~U,=\1-T)w | 


where A,’ being the Lagrangean multiplier 
associated with (2), is the marginal utility of 
income. A subscript denotes partial differ- 
entiation, for example, U,=0U/dx'. The 
term U, takes into account only the internal 
effect of x! upon U and does not include the 
external effect through E. 

Again as in the basic optimal tax model, 
producers’ prices and the wage rate are taken 
to be fixed. Such might occur in a small 
trading nation producing nontraded goods 
with constant returns. The society is imag- 
ined to maximize (1) with respect to ¢ and 7, 
subject to a fixed-revenue requirement 


(4) i TwL+tp'x'=R 


The following first-order conditions may be 
derived: 


n 
(5) Ð Uxi+U,L,+ Ugxi 


i=l 


© = O(p'x'+wTL,+ wp'x}) ` 
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n 
(6) > UxitU,Lrt Upx} 


ix 


=9(wL+wTLr+ tp'x; 


where @ is the Lagrangean multiplier associ- 
ated with (4). 

Differentiate (2) with respect to ¢ and T to 
obtain, respectively, 


(7) 
(1+t)p'x + © p'x;-(1-T)wL,= —p'x! 
i=2 


(8) 


. n r 
(1+1)p'x}+ 2 p'xi-—-(1-T)wL = —wLh 
i= 


Substitute U, and U, from (3) into (5) and 
(6), and then substitute (7) and (8), respec- 


. tively, into the resulting equations, yielding 


(9) —Ap!x!+ U, x) =0( p'x' +wTL, + tp'x}) 
(10) -AwL+ Upxi.= 0( wL+wTL,+tp'x;) 


Now in the consumer budget. constraint 
(2), (1+1t)p'=q! is the consumer price of x! 
and (1—T)w=gq” is the consumer price of 
labor /leisure. Thus we may write 


aioe Si =x" /0q'\y is the substitution ef- 
fect on x! of an increase in g', S= 
3x!/ðq* |y, and J=income. Similarly, we 
have 


_ 3L oq _ ( = i} 
aL dg OL 
(14) Ly= = wS + | 


Substitute (11)—(14) into (9) and (10), and 
write in proportional form to eliminate the 


VOL. 70 NO.4 
Lagrangean multiplier @, giving 


(15) p'x'A pS Up/A 
wLA +wS,,U,/A 


B p'x'B+p'(wTS,,+ ('S,;) 
wLB~w(wTS,,+'S;,) 


where A= 1 + (Ug/X)-(8x!/8l) and B=1— 
wI(dL /ol) — tp'(dx' /dl). Assuming that 
the second-order condition is satisfied, (15) 
and (4) determine the optimal values of ¢ 
and T. 

It can be shown that both A and B can be 
taken as positive. Being the private (i.e., not 
accounting for externality) marginal utility 
of purchasing power, A can be taken as 
positive. The term Ux is positive /negative if 
the externality is an economy /diseconomy. 
Thus, if x! is not an inferior good, A is 
necessarily positive for the case of an ex- 
ternal economy. Similarly, if x! is an inferior 
good, A is necessarily positive for the case 
of an external diseconomy. Ambiguities arise 
only for a noninferior good with external 
diseconomy and for an inferior good with 
external economy. However, A 1s positive 
(though less than one) in both cases unless 
the externality is so strong that an increase 
in income actually makes the community 
worse off. It is reasonable to assume that 
—U,(dx' /al)<A. In other words, while an 
increase in income may reduce utility 
through the externality effect, the reduction 
does not overbalance the internal effect À. If 
this is not true, an increase in income actu- 
ally makes the community worse off. It is 
then not difficult to see that these conclu- 
sions may then have to stand on their heads, 
since an improvement in economic ef- 
ficiency may then make things worse. It is 
thus clear that A > 0 is a reasonable assump- 
tion. 

Turning to examine B(=1—-wT(dL/dl) 
~tp'(dx'/d)), it is clearly positive when 
T=t=0. Even if the tax/subsidy rates are 
“nonzero, a positive B just means that a 
dollar increase in income does not induce 
(through income effects) an increase in tax 
revenue by a dollar or more. In fact, as 


leisure can be taken not as an inferior good, . 
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—dL/dI>0. For B to be negative, tp'(dx'/ 
dl) would have to be larger than one which 
is quite impossible, unless ¢ is very large (or, 
if 3x! /3I <0, t is negative and large in abso- 
lute value). Since I am going to argue just 
for a positive/negative ¢ (for the case of 
external diseconomy/economy), the case 
where ¢ is already very large (absolutely) to 
begin with is not relevant to the argument. 
It is thus perfectly legitimate to take B>0O. 

To abstract from the complication of a 
positive revenue requirement, let us for the 
moment take R=0. This does not assume 
the problem away completely since for a 
change in f (negative ¢ in particular), T has 
to be changed to meet the requirement R=0. 
It is thus not obvious that 20 is optimal if 
U,S0. In fact, it can be seén that there are 
cases (though unlikely to prevail) where the 
sign of optimal ¢ is reversed (i.e., becomes 
the same as U,) and there are borderline 
cases where t= T=0 is optimal even if U,# 
0. For this last one to be true, it can be 
observed from (15) that —p'S,,/wS,,= 
p'x' /wL must hold,> or 


(16) ~S,,/x'=S,,/L 


Assuming that the usual postulates of 
consumer theory are satisfied, S,, is neces- 
sarily negative. Thus (16) can be satisfied 
only if S,, >0. But from the general theory 
of consumption, S,, can be of any sign. 
Thus, at a general level, it is possible for 
(16) to hold and for t= T=0 to be optimal 
even if U,*0. In fact, if —S,,/x'<S,,/L, 
it may be optimal to pursue the counternor- 
mal policy of subsidizing an external dis- 
economy and taxing an economy. The rea- 
son for this is not difficult to see. For ef- 
ficiency purposes, it is the substitution effect 
that counts. Take the case of an external 
economy. A subsidy on x! (which reduces 
g') must be financed by an increase in in- 
come tax T (which reduces g”). But if, as 


>When t=7=0, the right-hand side of (15) reduces 
to p!x!/wZ. On the left-hand side, since A is associated 
with p'x' on the numerator and with wL on the de- 
nominator, we may take out the terms associated with 
A without affecting the proportionality. Specifically, 
(15) simplifies into (16) after putting «= T=0 and using 
cross multiplication. 
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far as substitution effects are concerned, the 
reduction i in q% is more effective i in reducing 
x than is the reduction in qg! in increasing 
x! proportionately, the subsidy may be posi- 
tively harmful..Hence, a tax on x! enabling 
a lowering in T may be desirable instead. 
However, it is reasonable to assume that, in 
normal cases, 


(17) —S,,/x'>S,,/L 


which says that a compensated increase in 
q? is more effective in reducing x! pro- 
portionately than a compensated increase 
in q% in increasing (if at all) x', pro- 
portionately to L. This is likely to hold as a 
change in the consumer price of the first 
good itself can be more effective pro- 
portionately, in affecting the consumption 
of x', than a change in the price of some- 
thing else. One might think that this may 
not be so since the something else which 
happens to be labor may be much more 
important than x!. But x! and L appear in 
the denominators of (7), hence the effect 
due to the relative importance of the two 
goods has already been taken into account. 

Inequality (17) may be expressed in a 
different way. Due to the symmetry of sub- 
stitution effects, S,,=—S,, (the negative 
sign accounts for the fact that an increase in 
leisure is a reduction in labor), (17) may be 
rewritten as 


Ne Gli 


1 ] 1 
a _ 4 OX” q 
(17) i agi lul? UL qi lu! 


which says that, as far as substitution effects 
are concerned, x! is more elastic than L 
with respect to a change in q! (the consumer 
price of x’) itself. (Taking 0L/dq'|,, to 
be negative; if it is positive, the inequality 
is necessarily satisfied.) A compensated 
increase in q' reduces x' and increases 
the consumption of the. composite good 


(x',...,x"+leisure). Hence, 3L/3q' |y tends: 


to be negative. But in proportionate terms, 
this secondary effect is unlikely to be more 
important than the primary effect on x! 
itself. The reduction in x! concentrates on 
x! itself while the increase in the composite 
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good is spread across (not necessarily evenly 
and positively) all other goods and leisure. 
Hence, leisure is likely to increase by only a 
small amount in absolute terms and even 
less in proportionate terms if x’ is less im- 
portant than leisure in consumption. 

It may be thought that (17’) may well be 
reversed since the left-hand side, though 
nonnegative, may be very small. In the 
limiting case, it approaches zero. In this 
case, is not the right-hand side quite likely 
to exceed the left-hand side? The answer is 
negative. As the reduction in x! approaches 
zero, the increase in the composite good 
approaches zero. The right-hand side is still 
likely to be smaller than the left-hand side 
due to the argument of the preceding para- 
graph. If we allow both the left-hand side 
and the right-hand side of (17’) to become 
exactly zero, then of course (17^) becomes 
an equality (i.e., equation (16)) and the opti- 
mality condition (15) is satisfied at t= 7=0. 
This result is not surprising; with no possi- 
bility for substitution, a tax/subsidy serves 
no efficiency-improving function.. . 

While (17’) can be shown to be true in 
most cases, its reversal cannot be ruled out 
completely. This may happen if the con- 
sumption of x! is not time intensive and the 
close substitutes of x! are very time inten- 
sive. Then a reduction in xt does not release 
much time, but the increase in the consump- 
tion of its substitutes takes up more time, 
leaving less time for working. Then 3L/ 
dq'|,, may be very negative, leading to a 
possible (but unlikely) reversal of (17’). The 
counternormal policy of taxing /subsidizing 
external economy /diseconomy may then be 
desirable. The requirement that x! be non- 
time intensive may appear counterintuitive. 
Take the case of an external economy. A 
subsidy increases x’ which, if time intensive, 
may lead to a reduction in L and may thus 
be undesirable as revenue is dependent on 
L. This apparent paradox can be explained. 
A subsidy on x! has to be financed by an 
increase in the income tax rate which. re- 
duces the consumer price of time 
(labor /leisure). This tends to encourage the 
consumption of more time-intensive goods 
and less non-time-intensive goods. If x! is 
non-time intensive and its substitutes are 
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time intensive, the consumption of x! may 
be reduced, destroying the purpose of the 
subsidy. However, unless there is some 
specific reason to believe that the time in- 
tensities and other possible relevant factors 
are very biased, it is reasonable to take (17) 
as satisfied. With this reasonable assump- 
tion (and a similar one to be mentioned 
below), I can show that some tax/subsidy 
on external diseconomy /economy is desira- 
ble. 

If (17) holds, (16) cannot hold and ¿=T= 
0 does not satisfy the optimality condition 
(15). The left-hand side of (15) will be larger 
or smaller than p'x'/wL, according to 
whether Up is positive or negative. Let us 
consider the case U, >0. (The opposite case 
can be similarly handled.) In this case of 
external economy, (15) can be satisfied by 
t<0 (subsidy on x!) and T>0 (to meet the 
revenue constraint). To see this, observe the 
right-hand side of (15). The term associated 
with ¢ is p'(p'S,,) in the numerator and 
—p'(wS,,) in the denominator. Thus if (17) 
holds, a negative ¢ makes the right-hand side 
larger than p'x'/wL and hence tends to 
make it equal to the left-hand side. The 
terms associated with T are w(p'S,,) in the 
numerator and —w(wS,,) in the denom- 
inator. S,,==0L/dq"|y is necessarily posi- 
tive. Similar to (17), it is reasonable to as- 
sume 


(18) S,,/x'> —$,,/L 


which says that a compensated increase in 
q* is more effective in increasing L propor- 
tionally than is a compensated increase in q! 
in reducing L in proportion to x!. Or, due to 
the symmetry of substitution effects, —S,,/ 
x'>—S,,/L, which says that a com- 
pensated increase in q% is more effective in 
increasing L than it is in increasing x! pro- 
portionately. Then an increase in T also 
makes the right-hand side of (15) larger than 
p'x'/wL. Thus starting from a position of 
T=t=0, making ¢ negative and T positive 
tends to satisfy (15), since, in the present 
case of external economy, the left-hand side 
of (15) is larger than p'x'/wL. Similarly, in 
the case of diseconomy, the left-hand side 
of (15) is smaller than p'x'/wL. Then mak- 
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ing ¢ positive and T negative tends to 
achieve (15). 

If the government revenue requirement is 
not negligible, T may be positive to begin 
with. Then the right-hand side of (15) is 
already larger than p'x'/wL even at t=0. 
The case for a subsidy on external economy 
cannot be established without a detailed 
comparison of the values of the relevant 
substitution effects, external effects, etc. The 
case for a tax on external diseconomy is 
made even stronger, as may be expected 
intuitively. 

The discussion above may be summarized 
into the following proposition: 


PROPOSITION 1’: In the simple economic 
model where the government revenue must be 
raised by distortive income and/or uniform 
value-added taxes, the presence of an external 
diseconomy / economy still calls for a correc- 
tive tax/subsidy provided that (a) a com- 
pensated reduction in the consumer price of 
the externality-producing good is more effec- 
tive in increasing the consumption of this good 
than it is in increasing the labor supply, pro- 
portionately; (b) a compensated increase in 
the consumer price of labor is more effective in 
increasing the labor supply than it is in in- 
creasing the consumption of the externality- 
producing good, proportionately; (c) the gov- 
ernment revenue requirement is not too high. 
If the revenue requirement is not negligible, 
the case for a subsidy is weakened and may be 
reversed but the case for a tax is strengthened. 


In fact, Proposition l” has not gone far 
enough. (It is nevertheless preserved for its 
simplicity; it is sufficient for normal cases.) 
Suppose that condition (a) in Proposition 1’ 
(i.e., inequality (17) or (17’)) is reversed, 
does this mean that the counternormal 
policy of taxing/subsidizing external econ- 
omy/diseconomy is then desirable? Not 
necessarily. (Observant readers may have 
noticed that I say the counternormal policy 
may be desirable.) Now the left-hand side of 
(15) is- made smaller than p'x'/wL for the 
case of external economy. But a negative ¢ 
(i.e., subsidy) also makes the right-hand side 
smaller. If condition (b) G.e., inequality (18)) 
is also reversed, the required increase in T to 
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finance the subsidy also makes the right- 
hand side smaller. It is then clear that the 
normal policy of taxing/subsidizing ex- 
‘ternal diseconomy/economy is still desir- 
able. The reversal of both the two normality 
conditions results in normality. This can be 
explained intuitively. A subsidy on x! (which 
reduces g! and increases x!) must be fi- 
nanced by an increase in T which reduces 
q®. If (17) is reversed, a reduction in q” 
greatly reduces x! and may destroy the pur- 
pose of the subsidy. However, if (18) is also 
reversed, the reduction in q! increases L 
even more greatly, making only a small in- 
crease in T sufficient to raise enough reve- 
nue to finance the subsidy. Though an in- 
crease in T greatly reduces (through gq“) x’, 
this effect may not be sufficient to negate 
the case for a subsidy as the required in- 
crease in T (if at all) is small. 

The above discussion may be summarized 
into the following proposition: 


- PROPOSITION 2’: Proposition \’ remains 
true if both conditions (a) and (b) are re- 
versed. 


For cases where only one of (a) and (b) is 
reversed, it is not necessarily true that the 
counternormal policy follows. For example, 
if (a) is strongly satisfied and (b is just 
marginally reversed, normal policy may still 
‘be desirable. In these complicated (but un- 
likely) cases, we have to look into the rele- 
vant values in more detail. We cannot how- 
ever completely rule out the counternormal 
cases even by resort to second-order condi- 
tions as when either q! or q% changes, all 
goods including x?,..., x" may change, 
making the values of Siz, S,,, etc. quite 
flexible. Nevertheless, since S, (= —S,,) 
appears in both (17) and (18), it can be seen 
that when (17) is satisfied, S,, is relatively 
small, making the strong reversal of (18) 
unlikely. The counternormal cases, cannot 
be ruled out completely, but they are ex- 
tremely unlikely to prevail. 

By adding the income effect term dx!/aJ 
to each side of (17), we may transform it 
into the following uncompensated form, 

dx! Ox! 
17” — — /x'}>—— 
(17”) aq) [x > Jg? /L 
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Similarly, (18) may also be so trans- 
formed (by adding @L/dJ to each side). 
From the equivalence of (17), (17), and 
(17”), and similarly with respect to (18), it is 
not difficult to see that Propositions 1 and 2 
in Section I are equivalent to Propositions 1’ 
and 2’, respectively, expressed in different 
ways. The uncompensated form (17”) has 
the advantage of being more directly verifi- 
able empirically. | 


IH Concluding Remarks 


The propositions established above pro- 
vide insights into the problem of optimal 
corrective taxes/subsidies when they have 
to be financed by distortive taxes. However, 
to achieve direct policy application, much 
more work would have to be done. For one 
thing, the propositions shed light only with 
respect to the direction, but not the magni- 
tude, of the taxes /subsidies. A useful exten- 
sion of this analysis is to examine wheth- 
er the optimal corrective taxes/subsidies 
should be larger or smaller than those indi- 
cated by partial-equilibrium Pigouvian anal- 
ysis. Secondly, it may be thought that the 
relaxation of the simplifying assumptions 
might change the results significantly. Let 
me examine this briefly. 

If the consumer side of the economy can- 
not be represented by a single utility func- 
tion, we could either maximize a Paretian 
social welfare function or maximize one in- 
dividual’s utility subject to the constancy of 
others. Instead of p'x! in (15), we would 
then have a weighted sum of various indi- 
vidual consumption of x! (for example, 

s -W,p'x'* where k is used to indicate an 
individual among the s individuals, W, is his 
weight, i.e, w,=0W/dU*). Similarly, U; 
and wL would also be replaced by some 
appropriate weighted sums. The revised (15’) 
would then be fairly difficult to handle since 
both equity and efficiency considerations 
are blended together. If, for example, a 
good-producing external diseconomy is pre- 
dominantly consumed by individuals (the 
poor?) with high weights, a tax on it may no 
longer be desirable. However, since we have 
other instruments (for example, progres- 
sive income taxation, transfer payment) to 
achieve the objective of equity, the separa- 
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tion of equity and efficiency considerations 
may. be justified. (For a further development 
of this argument, see Appendix 9A of my 
book.) Moreover, even if the separation of. 
equity and efficiency considerations is not 


accepted, the case for a tax/subsidy is still’ 


valid unless it is overbalanced by the equity 
consideration caused by, say, a very biased 
consumption pattern. | 
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The Golden Rule with Endogenous 
Labor Participation Rate 


By LARRY SAMUELSON* 


The Golden Rule of accumulation in an 
economy with an endogenously determined 
growth rate of labor has been examined by 
Eric Davis. Davis finds that if the growth 
rate is an increasing function of per capita 
net income, steady-state per capita con- 
sumption is maximized not at the equality 
of the propensity to save and capital’s share 
of output, but at a propensity to save smaller 
than capital’s. share of output and an inter- 
est rate which exceeds rather than equals the 
growth rate. | 

The supply of labor in an economy is 
affected by both the growth and participa- 
tion rates of its population. Davis’ results 
and the traditional Golden Rule depend 
upon the implicit assumption that the latter 
rate is constant. Davis calls for a more flexi- 
ble treatment of the participation rate, al- 
lowing the possibility of optimal unemploy- 
‘ment in a theory of optimal savings. This 
note examines a simple model with a vary- 
ing participation rate. It is seen that one 
common assumption describing the par- 
ticipation rate leads to a recommendation 
opposite that of Davis. 


I. The Growth Model 


I begin with the basic neoclassical growth 
model, as in Robert Solow (1956), hereafter 
called the Solow model. A single homoge- 
neous good Y is produced by labor L, and 
itself, K, according to the linearly homoge- 
neous production function 


Y(t)=F| K(t), L(t) ] 
and, letting y=Y/L and k=K/L, 


reed aad ke 


yY 
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Letting s be the constant propensity to save 
gives sf(k)=DK/L, where D signifies a time 
derivative, so that DK=dK/dt. Assume now 
that labor grows exponentially at the exoge- 
nously given rate n, so that L(t)=e™'L(0) 
and DL(t)/L(tj}=n. We then have Dk= 
DK/L-kDL/L=DK/L-—nk, and sf(k)— 
nk= Dk. The additional assumptions of 
F'(k)>0, f'(K) <0, f'(0)= 00, and f'(%0)=0 
are sufficient to guarantee the system will 
converge to a unique equilibrium at which 
sf(k)=nk, Dk=0, and each of the econ- 
omy’s variables grows at rate n. 

The Golden Rule identifies the conditions 
that maximize per capita steady-state con- 
sumption c, given by c=f(k)— nk. Differen- 
tiating this expression with respect to k and 
setting the result equal to zero gives f’(k)=n 
and s=nk/f(k)=kf'(k)/f(k). The recom- 
mendation is that the interest rate be set 
equal to the growth rate, and the propensity 
to save equal to capital’s share of income. 

The Davis model assumes that the growth 
rate of the labor force is an increasing func- 
tion of per capita net income, or n=n(y), 
with n’(y)>0 and DL(t)=[n(y(t))] LQ. 
Again, the economy converges to a unique 
equilibrium with Dk=0 and sf(k)=nk. The 
conditions for maximum per capita steady- 
state consumption are found by differentiat- 
ing f(k)—nk to yield . 


T =f'(k)[1-kn'(y)]—n=0 


This gives f'(k)>n and s={l—kn'(y)] 
kf'(k) /f(k) <kf'(k)/f(k). The interest rate 
must be larger than the growth rate, and the 
propensity to save smaller than capital’s 
share of output. The existence and unique- 
ness of a solution as well as second-order 
conditions are examined by Davis. 


-7352 


VOL. 70 NO. 4 


Il. Variable Participation Rate 


Let us now return to the realm of an 
exogenously given growth rate, but allow 
the participation rate to vary with the wage 


rate. Letting J(t) be employed labor at time: 


t, we have J(w,t)=/(w)L(O)e"', where j(w) 
=J/L is the participation rate, with L()= 
L(O)e" as before, but Y=F[K(t), JÐ]. As 


is often done, assume the supply of labor to ` 


be an increasing function of the wage rate, 
or /‘(w)>0. To consider the existence of a 
steady state, now let k=K/J, and as before, 


sf(k)=DK/J and Dk=DK/J—kDJ/J. 
However, we now have 
Edie =n+ sw) Dw 
J i(y) 


Hence 


sf(k)—nk= Dkt ko) Dw 


Since w=/f(k)—kf"(k), we have w=w(k) 
with w’(k)= —f"(k)>0, and this is 


Sk) -k= Dk AG] 


The system will converge if the term in 
brackets is positive, or 1+[Aj’(w)w’(k)]/ 
j(w)>0. This is (k/7)(dj/dk) > —1, namely 
that an elasticity of the participation rate 
with respect to a capital-labor ratio exceed 
negative one. This condition allows some 
cases of j’(w)<0, or backward-bending 
labor supply curves, and is clearly satisfied 
if j’(w)>0. A solution is reached at sf(k)= 
nk and Dk=0. 

Again we seek to maximize per capita 
steady-state consumption. Since the growth 
tate of the population is fixed, this is equiva- 
lent to maximizing total consumption, or 

= KCK, J)~nK, provided that our atten- 
tion is restricted to a fixed point in time. 
The assumption of a steady state ensures 
that the selection of such a point is arbi- 
trary. Differentiating with respect to the 
value of capital gives 


F.(K, J) +F(K, n= er 
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From dw/dK=[w’(k)][dk/dK ]=w(k)[J— 
K(dJ /dK)\/J? = ((w'(k))/JV/[1 + (di/dk) 
(k/j)), it is clear that (dj/dk)(k/j)>-—1,° 
the condition for convergence, . ensures 
dw/dK>0. From j’(w)>0, we have dJ/dw 
>0, while F;>0 clearly holds, so that the 
right-hand side of this equation is negative, 
and we have a solution of Fe=f'(k)<n and 
s>kf'(k)/f(k).' The interest rate must fall 
short of the growth rate and the savings 
ratio must exceed capital’s share of income 
in order to maximize per capita consump- 
tion. 


HI. A Comparison 


To interpret the results of these three 
models, consider the effect of a change in 
capital on the value of steady-state per capita 
consumption. In each model, a change in 
the value of capital prompts similarly di- 
rected changes in per capita net output and 
the steady-state level of net investment. If 
the former effect is the greater, an increase 
in capital boosts net income by an amount 
sufficient to satisfy the increased investment 
needs while also contributing to the value of 
per capita consumption, and the value of 
per capita steady-state consumption in- 
creases as capital does. If the latter effect 1s 
the greater, an increase in capital generates 
less net output than is required to satisfy the 
needs of net investment, with the balance 
coming at the expense of consumption. The 
value of per capita consumption is instead 
increased by a decrease in capital. The 
Golden Rule point is found where these two 


'The second-order condition is Fy + Fy ,(dJ/dK)+. 
(dJ /dK | Fix + Fyy(dJ/dK )| + Fj (d?J /dK*) = Fg + 
2Fjix(@ /dK)+ Fi; al /dK)? + F; [(al /dw)(d? w/dK?) 
+(d7J /dw*)(dw/dK)*]. A maximum is guaranteed if 
L is not infinite, though the uniqueness of such a 
maximum requires additional conditions. 

2These recommendations are obviously reversed for 
steady states with j’(w) <0 that satisfy the convergence 
conditions, 
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effects are of equal size, and per capita 
consumption cannot be further increased.? 

In the Solow model, the interest rate can 
be inserted as a proxy for the marginal 
product of capital, identifying the per unit 
contribution of an increase in capital to net 
‘income, while the growth rate gives the in- 
creased obligation to per capita net invest- 
ment. Their difference signs the derivative 
of per capita consumption with respect to 
capital, which is accordingly zero at the 
Golden Rule point of r=n. In the Davis 
model, the interest rate again describes the 
marginal product of capital, but the deriva- 
tive of per capita net investment with re- 
spect to capital is n+kn’(y)f’(k), which 
exceeds n. Here, an increase in capital not 
only increases the stock upon which net 
investment must be made, as in the Solow 
model, but also increases the ratio of net 
investment to capital stock, so that the per 
unit obligation to net investment entailed by 
an increase in capital exceeds the growth 
rate. Whenever r=n, a change in capital 
affects net investment by a greater amount 
than net income, and consumption can be 
increased by employing less capital. The 
optimal choice is thus an interest rate higher 
than the growth rate. 

The interest and growth rates in the varia- 
ble participation rate model again identify 
the marginal product of capital and the un- 
changing ratio of steady-state net invest- 


ment to capital. The unique feature of this 


model is that there is a distinction between 
the total amount of potential labor in the 
economy and the amount of labor employed 


3Davis offers the statement that an increase in the 
savings ratio reduces current consumption while in- 
creasing future consumption, and that these are the two 
effects balanced at the Golden Rule point. This could 
be true if we were examining the actual transition from 
one steady state to another, but is not the situation 
addressed by the Golden Rule. Instead, the Golden 
Rule asks which of many different steady-state econo- 
mies offers the highest constant level of steady-state 
consumption, meaning the highest level of both present 
and future consumption. The hypothetical jump from 
one such economy to another either increases or de- 
creases consumption in all periods, present and future, 
and it is the forces tending to make this change in 
consumption an increase or decrease that are balanced 
by the Golden Rule. 


in production, so that the phrase “per 
capita” must be used with care. Additional 
insight is gained by considering consump- 
tion per labor expended. Letting this quan- 
tity be called c, we have c= Y/J—nK/J. 
Differentiating yields i 


ER dJ dJ 
g ZOER] YR J—K7 
ee ee 


Setting this derivative equal to zero and 
applying Euler’s theorem gives 


a + yy 
J[ Ek—n]- Sg [F-n] K=0 


This expression equals zero whenever Fp=n, 
or whenever r=n. 

Next, we notice that c=G//L, and dc/dK 
=(dce/dK)J/L+c[d(J/L)/dK]. At r=n, 
the first term of this expression equals zero, 
while the second is positive. At the equality 
of interest and growth rates, a marginal 
increase in capital leaves consumption per 
expended labor unchanged, while raising the 
wage rate and hence the participation rate 
of the population. Per capita consumption is 
then increased, and is maximized at an in- 
terest rate lower than the growth rate. The 
traditional Golden Rule point of r=n maxi- 
mizes not per capita consumption but con- 
sumption per expended labor,* and because 
it does so, per capita consumption is maxi- 
mized by setting r<n. 


FV. Conclusion ° 


The result of the variable participation 
rate model is a simple theory of optimal 
steady-state savings and employment. Inter- 
est rates greater than the growth rate are 
clearly not optimal, since a decrease in the 
interest rate offers a higher participation 
rate and a higher output of consumption 


4Davis notes that if the growth rate is an increasing 
function of per capita consumption, the latter is maxi- 
mized at r=n. A similar result obtains in our model if 
the participation rate is an increasing function of con- 
sumption per employed labor. 
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goods per labor expended. The region of 
interest rates smaller than the growth rate 
offers the economy a choice. An increase in 
the participation rate, and hence employ- 
ment, is accomplished only at the cost of 
decreased production of consumption goods 
per labor expended, while an increase in 
consumption output per labor expended is 
accompanied by a decreasing level of em- 
ployment. Per capita consumption is maxi- 
mized by balancing these two effects. It is 
optimal to withhold part of the potential 
labor force from employment, thereby boost- 
ing the consumption goods output of exist- 
ing labor enough to increase per capita con- 
` sumption. At the same time, it is optimal to 
employ more workers than would be em- 
ployed at the traditional Golden Rule point 
of r=n, with the decreased output of con- 
sumption per expended labor being more 
than offset by the increasing participation 
rate. 

The model is curious in that if the par- 
ticipation rate is increasing in the wage rate, 
Its prescription is the opposite of Davis’, 
calling for an interest rate lower instead of 
higher than the growth rate. If we make the 
heroic assumption that these highly sim- 
plified models are not so removed from 
reality as to be devoid of practical value, we 
obtain divergent assessments of present eco- 
nomic experience, with the Davis model 
suggesting those economies in which the in- 
terest rate exceeds the growth rate are not as 
divergent from optimality as the traditional 
Golden Rule would imply, while the varia- 
ble participation rate model identifies them 
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as being even further from optimality than 
indicated by the original Golden Rule. A 
deeper analysis of this question calls for 
more flexible models. 

A first extension of these models could be 
the combination of both a variable growth 
and a participation rate. Other kinds of un- 
employment may also be desired, as well as 
the ability to examine economies which are 
not in steady states. Along the way, the 
reaction of the growth rate to changes in net 
income and the participation rate to varia- 
tions in the wage rate must be examined. If 
the participation rate is decreasing rather 
than increasing in the wage rate, my model 
would agree with Davis’ in prescribing r> n. 
At the same time, if the growth rate slows 
rather than quickens as income increases, 
Davis’ model would agree with mine in pre- 
scribing r<n. Neither of these appears to be 
a completely settled question. 
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Incentives and the Choice of Optimal Plans 


By SUSAN I. COHEN* 


There is a vast literature in economics - 


concerned with the specification and discus- 
sion of planning procedures for economies 
(for example, see Kenneth Arrow; Theodore 
Groves; Geoffrey Heal; Martin Loeb and 
Wesley Magat). This literature is generally 


concerned with the algorithmic side of plan-. 


ning, in that it deals with behavioral rules 
that if followed lead to a “social optimum” 
(from the planner’s point of view). In gen- 
eral, the enforcement question is not dealt 
with; namely, is it in the best interests of the 
economic agents to follow the planning 
board’s directives?! | 

If it is not in the economic agents’ inter- 
ests to follow the planning board’s direc- 
tives, then it is not necessarily true that a 
social optimum will actually be attained by 
- these procedures. The existence of enforce- 
ment rules or evaluation measures that in- 
sure compliance has been shown in several 
rather general contexts (see, for example, 
Groves). The importance of the existence of 
such rules is well recognized in the planning 
literature: 


There is a very important aspect of 
any planning problem...[that] may be 
loosely described as the problem of 
ensuring that it is in the interests of 
the firms in the economy to behave as 
the centre requires them to.... Once 
an incentive structure has been speci- 
fied for a planned economy, it is rea- 
sonable to suppose that firms will be 


*Assistant professor, College of Industrial Manage- 
ment, Georgia Institute of Technology. This research 
was partially supported by National Science Founda- 
tion Grant SOC 78-05770. I would like to thank an 
anonymous referee for very helpful suggestions. All 
- errors, of course, remain my own. 

1Jacques Dreze and D. de la Vallee Poussin, John 
Roberts, and Francoise Schoumaker consider these 
questions in tatonnement procedures. Loeb and Magat 
consider the problem in a centrally planned economy 
in which the communication between the planing board 
and the firms is of a “one-time only” nature. 
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concerned to choose that strategy that 
will maximise the rewards accruing to 
them under this.... Ideally one would 
like to devise for any planning process 
an associated incentive structure such 
that each firm would maximise its re- 
turns under this system by revealing 
correct information to the centre, and 
producing the optimum once located. 

[Heal, p. 214] 


The purpose of this paper is the definition 
of just such a system for a particular class of 
decentralized planning procedures (and thus 
a particular model of a planned economy). 
As noted above, the existence of such a 
system has been previously demonstrated in 
other contexts. However, those results are 
not applicable to decentralized planning 
procedures since those systems require firms 
to communicate entire functions or sets as a 
one-time message. The properties of those 
procedures depend heavily on the assump- 
tion of noniterative communication. A gen- 
eral model with iterative communication is 
presented in my earlier paper. The results 
obtained there are weaker than those ob- 
tained when communication is noniterative. 
In particular, Groves demonstrates that 
when communication is noniterative, follow- 
ing the planning board’s directives is a 
dominant strategy for every firm.? When 
communication is iterative, it is only possi- | 
ble to show that following the planning 
board’s directives constitutes a Nash equi- 
librium that weakly dominates all other 
Nash equilibria for all firms. 

In Section I, a model of.an economy 
(based on a model due to Edmond Malin- 
vaud) is presented. A class of planning pro- 
cedures for the economy is defined in Sec- 
tion II. The enforcement rules for these pro- 
cedures are defined in Section III, where it 


2The models in my earlier paper and in Groves are 
not stated as planning models, although they can easily 
be interpreted as such. 
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is also shown that, with these rules, the 
agents in the economy have an incentive to 
follow the planning board’s directives. Fi- 
nally, in Section IV, it is shown that 
Malinvaud’s model and “Procedure Imply- 
ing Mathematical Programming at the Cen- 
ter” are special cases of the model and plan- 
ning procedures defined in Section II. 


I. The Model of the Economy 


Let us consider the following model? of 
an economy: there are N+1 agents, consist- 
ing of N firms (or ministries) and the plan- 
ning board. There are M commodities 
produced in the economy. The net demand 
for each good produced is the final con- 
sumption of the good minus the net outputs 
of the good by all firms. A program P for 
the economy consists of a vector of final 
consumption, a vector of net outputs for all 
goods for all firms, and a vector of net 
demands for all goods. 

The program P chosen by the planning 
bureau must be feasible from the consumers’ 
point of view. Let us assume that the plan- 
ning bureau knows, a priori, the set of feasi- 
ble final consumption vectors. The program 
P must also be technologically feasible; thus 
the vector of net outputs for each firm must 
be an element of the firm’s feasible produc- 
tion set. Each firm knows‘ its own produc- 
tion-possibilities set. These sets are not 
known to the planning bureau. Finally, the 
net demand for each good in the program 
chosen by the planning bureau must be 
feasible, that is, the net demand cannot ex- 
ceed the initial amount of the good availa- 
ble in the economy (which is known by the 
planning bureau). 

Social preferences among alternative vec- 
tors of final consumption are represented by 
a utility function, known by the planning 
bureau. A program P! is preferred to P? if 
the utility of final consumption in P! is 
higher than the utility of final consumption 


>This model is the one developed by Malinvaud. 

“By “know” I mean that the firm has the capability 
of calculating the coordinates of any point in its pro- 
duction set; for example, given a price vector, it can 
determine the vector in its production set with maxi- 
mum. value, 
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in P*, The planning bureau seeks a feasible 

program in which the utility of final 

consumption is greater than or equal to the 

utility of final consumption in all other 

feasible programs. 

Formally, the model of the economy is as 

follows: 

(a) x, is the final consumption of good k, 
k=1,..., M. Let x=(x),..., Xy). 

(b) y,; is the net output of good k by firm i, 
kæ lyses M, i=1,..., N. 


y*= Ý, y, is the total output of good k. 
i=] 

Y:=(Yi---» Ymi) 18 the vector of net out- 
puts of all goods by firm i. Let y= 
Ce) 

(c) Y; is firm i’s feasible production set, 
i=1,..., N. W, is the initial amount 
of good k available in the economy, 
k=1,..., M. 

(d) X is the set of feasible final consumption 

vectors. 

(e) U(x) is the utility of the final con- 
sumption x. U(-) is a function from 
the commodity space R” (the M- 
fold Cartesian product of the real 
line) into the real line; i.e., U: RY 
R. , 

The planning bureau seeks the program P* 

=(x*, y*) that solves the planning problem: 


max U(x) subject to x EX 


xy 
(1) y,EY,i=1,...,N 
N 
x- Dy<Ww 


Il, A Class of Planning Procedures 


The class of planning procedures I con- 
sider are those that choose feasible solutions 
and coverage to an optimal plan (either 
finitely or in the limit). I therefore eliminate 
from consideration those procedures that 
ensure e-convergence, that is, a plan “close” 
to the optimal plan. 

To reiterate, let us assume that the plan- 
ning board knows its own utility function 
U(x) as well as the set of feasible final 
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consumption vectors X and the vector W of 
initial availabilities of all goods. Each firm 
knows its own feasible production set Y,, 
but not the sets of the other firms; the firms 
do not know the utility function of the plan- 
ning board nor the set X. If the planning 
board knew all the production sets Y, it 
could solve its planning problem (1) di- 
rectly. 

The purpose of the planning procedure is 
thus to obtain information from the firms 
about their feasible production sets. We will 
assume that the planning board knows that 
the Y; are all members of the same subset H 
of sets in the’ commodity space R™. For 
example, H may be the set of convex sub- 
sets of R“, so that the planning board knows 
that all the firms’ production-possibilities 
sets are convex. If the firms choose to mis- 
represent their production sets (i.e., cheat), 
they must do so in a way that is not detecta- 
ble by the planning board. 

More formally, if Y, is firm i’s true pro- 
duction set, let YC R“ denote firm i’s re- 
ported production set. Firm i will be said to 
be “telling the truth” if its reported produc- 
tion set is its true production, 1.e., if Y,;= Y. 

At each stage or iteration of the planning 
process, the planning bureau receives mes- 
sages from the firms in response to its mes- 
sages. The set of possible firm messages and 
planning board messages are denoted by M 
and P, respectively. For example, the firms 
might be reporting production vectors, so 
that M=R”, while the planning board 
might be sending price vectors, so that P is 
the unit simplex in R”. Let p'GP be the 
message sent to firm j at iteration ¢; let 
m; EM be the reply of firm i. 


DEFINITION 1: The sequence {m}, will 
be said to be consistent with a set Y, given 
{pi fe if {mi}, are the messages that would 
result Fom following the planning board’s 
directives when Y CR” is the firm’s produc- 
tion set’ 


5Since it may not be decidable in general whether or 
not {m!}©., is consistent with a particular set Y,cR™, 
I am implicitly excluding planning procedures for which 
this is not decidable. 
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Thus, a sequence of messages {mj}, is 
consistent with a set in H if Y €H exists 
satisfying Definition 1. 

The messages sent to the planning board 
by each firm depend upon the production 
set Y; the firm chooses to report as well as 
the board’s messages {p; ya The planning 
board’s messages to each division are as- 
sumed to be nonrandom, that is, function- 
ally dependent on the reported production 
sets of all the firms. We can express each 
firm’s messages as a function of all the 
reported production sets: 


mi= mi(Y,,-...¥y) 


All the messages received by the planning 
board from every firm at every iteration 
will Ls denoted by m?=(ml,..., m4, m?, 


+). 

Define (x(m”), y(m™)) to be the vector 
of final consumption and firm production 
plans chosen by the planning procedure 
when the firms send messages m™ to the 
planning board: 


DEFINITION 2: A planning procedure will 
be called admissible if when the reported 
production sets Y, EH for i=1,...,N, 
(x(m(¥,,..-,¥yv)), v(m ™(¥),.-.., Yy))) solves 
the planning problem (1) where Y, has been 
replaced by Y, for all i. 


Given this definition of an admissible 
procedure, if the firms all report their true 
production sets Y, the procedure finds 


the sclution to the planning board’s prob- 
lem (1). 


HI. Definition of Firm Evaluations 


Given the definition of an admissible 
planning procedure, we can define the en- 
forcement rules. The enforcement rules are 
defined implicitly by an N-tuple of evalua- 
tion measures, one for each firm. When the 
evaluation measures are appropriately de- 
fined, maximization by a firm of its individ- 
ual measure “enforces” the following of the 
planning board’s directives. It should be 
pointed out that these evaluations provide 
index numbers on which individual firm re- . 
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wards can be based; they do not represent 
real resource flows. For example, the reward 
to one firm might be in the form of paid 
vacation days, while another firm might be 
rewarded with salary increases. 


DEFINITION 3: Firm i’s evaluation mea- 
sure is a function E,;M@->R defined as fol- 
lows:® 


U(x(m*)) if {mj} rn 
is consistent with a 


oO 
t= | 


E| m”]= setin H given { pj} 


and y,(m~) is feasible 


inf U(x)— 1 otherwise 
xEX 


These evaluations do not preclude firm 
cheating directly. The firm must appear to 
be reporting its true production set; in addi- 
tion if y(m™°)€Y, and thus. not imple- 
mentable, the planning board knows with 
certainty that the firm lied about its produc- 
tion set. 

Payoff to each firm can be expressed as a 
function of the reported production sets: 


WIY,,-...¥y| = E| m” (Yi. Yy) | 


The problem for each firm is thus the 
choice of a reported production set that 
maximizes the firm’s payoff. 

If firm i knows only that the other firms 
are reporting production sets in H (possibly 
the true production sets, but not necessarily), 
firm i’s best response is to report its true 
production set Y;. 

Formal (mathematical) statements of all 
theorems and corollaries as well as their 
proofs (when necessary) are given in the 
Appendix. In addition, although not stated 
in each theorem and corollary explicitly, the 
results are only shown to hold for the plan- 
ning procedures and evaluation measures 
defined by Definitions 2 and 3, respectively. 


fos] 
6 M”= XM 
i=] 
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THEOREM 1: Firm i maximizes its 
payoff by reporting its true production set if 
the other (N—1) firms all report production 
sets in the set H. 


The following is immediate from Theorem 1: 


COROLLARY 1: Firm i maximizes its 
payoff by reporting its true production set when 
every other firm is reporting its true produc- 
tion set; i.e., (Yy,-.-,¥y) is a Nash equi- 
librium. 


Is telling the truth the only optimal 
strategy for firm i? The answer is no. Never- 
theless, one can show that any production 
set Yf that maximizes firm i’s payoff for 
any possible (reported) production sets in H 


-of the other firms must have a nonempty 


intersection with Y,, ie., Y*N Y#Ø. 


THEOREM 2: If firm i maximizes its payoff 
by reporting Yf no matter what production 
sets in H the other (N— 1) firms report, then ` 
YF YAO. 


Firm i will cheat only if cheating cannot be 
detected and does not reduce the firm’s 
payoff if undetected. Therefore firm į will 
exclude points of tts true production set 
only if there exist no production sets of the 
other firms that would lead the -planning 
bureau to choose the excluded point given 
the set X and its constraints on feasible final 
consumption. Similarly, firm i will include 
infeasible points in its reported production 
set only if it is sure these infeasible points 
will never be chosen. : 
Calculation of an optimal production set 
to report (other than Y;) requires knowledge 
of the set of feasible final consumption vec- 
tors X. Thus Y, is the only reported produc- 
tion set that maximizes payoff and is totally 
independent of the reported production sets 
of the other firms, and the set X. 
Intermixtures of Nash equilibria are gen- 
erally not Nash equilibria; we would thus 
like to ensure that the firms have an incen- 
tive to arrive at a Nash equilibrium that 
leads to a decision that solves problem (1). 
The N-tuple (Y,,...,¥y) can be shown to 
dominate for every firm in the set of Nash 
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equilibria; in addition, any such dominant 
Nash equilibrium leads to a decision solving 
problem (1). 


THEOREM 3: The payoff to each firm is at 
least as great at the Nash equilibrium 
(Yi... Yy) as it is at any other Nash 
equilibrium. 


THEOREM 4: If the payoff to each firm 
under the Nash equilibrium (¥},...,¥x) is the 
same as under the Nash equilibrium 
(Y,,..-, Yy), ie., when every firm reports its 
true production set, then 


¥g)).9(m(Vs,..,¥8))) 


solves the planning board’s problem (1). 


(x(m(Y#,... 


IV. A Procedure implying Mathematical 
Programming at the Center (MPC) 


Malinvaud defines three planning proce- 
dures for solving problem (1). The first is a 
tatonnement procedure; the second is a pro- 
cedure based on the Leontief-Samuelson 
technology; and the third is a procedure 
implying the use of mathematical program- 
ming by the planning bureau. It is this third 
procedure with which this section is con- 
cerned. Malirivaud makes the following as- 
sumptions about U(-), X, the sets Y,, and 
the planning board’s a priori knowledge: 

(a) The set X is closed and convex. 
There exists an XEX such that xx for all 
x€X. The utility function U(x) is concave 
and continuous. 

(b) The sets Y,, i=1,..., 
bounded and convex. 

(c) The planning board knows a feasi- 
ble solution to the planning problem (1). 

In this procedure prices are used to de- 
compose problem (1). At each stage of the 
process, the planning bureau sends the firm 
a (normalized) price vector p’~! for their 
outputs. Each firm then maximizes the value 
of its output at the price vector, that is, each 
firm solves a problem of the following form: 


N, are closed, 


(2) max p*'y, 


Ji 


subject to y,€ Y, 
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The firm then sends to the planning bureau 
the solution y/~! to the firm’s problem. The 
bureau uses this maximizer along with the 
maximizers received at previous iterations to 
approximate Y,, the firm’s feasible produc- 
tion set. The approximated production set 
Y; for firm i at iteration ¢ is the set of all 
convex combinations of maximizers re- 
ceived from firm i at all iterations, including 
the current one: 


tl t—1l 


D A, D An = l, Ap 0, 


ren | 7=0 


Ht abi 


r=O)hnt=1| 


The planning bureau then solves for what 
the optimal vectors of final consumption 
and net outputs would be if the firms’ pro- 
ae sets were actually the sets Y, i= 
l,..., N, ie. the planning bureau solves 
problem (1 with Y, replaced by Y; for all i. 
Let (x‘, y) solve the planning board’s 
problem at iteration ¢. Revised prices p‘are 
any (normalized) M-vector such that p'>0 
and satisfying the following three condi- 
tions: 

ID) px>px' 
U(x)> U(x") 

2) p'y<p'y, for all y,EY,, for all 
N 


for all x€X such that 


i= 


3) p=0 for all k such that 


<55 O-<W,, 


i=] 


The planning bureau’s decision is 


(x(m®), y(m*)) =( lim x‘, lim y) 


t-> 


Since the planning procedure converges 
to a solution of problem (1) (see Malinvaud) 
it is straightforward to verify its admissibil- 
ity. If at each stage each division i solves a 
problem like (2) where Y; is replaced by Y,, 
and where Y, is convex, then it is immediate 
by admissibility that 


(2 (Xp Yw), (Mis: Yy) 
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solves problem (1) where 
placed by Y, for all i. 

In order to apply the evaluation measures 
defined in Section II], and therefore the 
results of that section, it must be shown that 
the planning bureau can judge whether or 
not a sequence of vectors {y/}7%., is con- 
sistent with some convex set Y,. Since the 
firm is maximizing a linear function over a 
convex set, the maximizer y, must be an 
extreme point of Y,. Therefore a sequence 
{yi yo will be consistent with a convex set 
Y, if and only if the following is true for 
all ¢: 


Y, has been re- 


yi ¢ (interior Y; ) 


If Y, were a convex polyhedral set, then y; 
could certainly be a point on one of the 
faces of Y;'; i.e., y; € (boundary Y;). 

The evaluation measure for each firm is 
then: 


U(x(m®)) ify} (interior Y;') 
for allt; 
and lim yey, 


{> 00 


inf f U(x)-1 otherwise 


E;| m” |= 


If the firms in Malinvaud’s economy are 
evaluated in the above manner, there is rea- 
son to expect that the rules of MPC will be 
followed, based on the results in Section III. 
These results state that the N-tuple of true 
production sets (Yj,...,Y¥y) constitute a 
Nash equilibrium that dominates in the set 
of Nash equilibria. Moreover, this is’ the 
only Nash equilibrium known a priori to all 
the firms in the economy and that is inde- 
pendent of the set X of feasible final con- 
sumption vectors. 


APPENDIX 


All theorems and corollaries hold for all 
admissible planning procedures and evalua- 
tion measures defined by Definitions 2 and 
3, respectively. 


THEOREM 1: For all Pate J#i, if Yf = 
Y, then WY... Yrs... Ypy] > WIY,, 
.+s¥y] for all ¥,cR™. 
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PROOF: 
By admissibility ee the planning proce- 
dure, (x(m™ (Yi. “2 Yj, o Yy))} y(m”(Y,, 
«> ¥;,..., Yy ))) Solves 


max U(x) 


subject to xEX; EY; EY ji; and 
x— Di i=1 p` Ss W. 

Let Y, be any other subset of R” (not 

necessarily convex), and (x(m™(Y,,. 

¥y)), v(m(Y),...,¥y))) the vector of final 
consumption and production chosen by the 
planning board when firm i reports its pro- 
duction set as Y,. One of the following must 
hold: 

(i) y(m?(¥,,---.¥v)) E Y. The produc- 
tion plan chosen when firm i reports Y, is 
still available if the firm reports Y,, in addi- 
tion to production plans that were not 
previously available. It is immediate that 
U(x(m*(Y¥,,.-+5 Yee Yy) = Ux? (Y, 

»Yv))) and W,Y,,..., Yp... Yy] F 
WAY,- Yy] 


(ii) ym Yn. ¥w)) € Y, Then 


WiAY),-- Ya] = inf eyU(x)— 1 and 
WY sees Ypes Yy l> WAY i Yy. 
COROLLARY 1: The N-tuple (Y;,..., Yp) 


is a Nash equilibrium, i.e., for all i=1,..., N, 
WY... > Yul WiiYo -e Yp... Yy] for all 
Y cR”. 


PROOF: 
Immediate from Theorem 1. 


THEOREM 2: Jf for all Y,EH, j*i, 


Wiis. Ye Yn] > WY.. Yy] for all 
Y, cR , then Y*n Y, £o. 
PROOF: 


Assume Y*N Y; =¢. Then y(m™(¥,,..., 
Y*,... Yy) EY; for all convex Y, ji, and 
WIN,,....¥*,...,Vy]=inf,-~U(x)—1 for 
some convex Y, j#*i.. Therefore WY, 

o Yp... Yyl>WIY,,--- ,Y*,..-,.¥y] which 
is a contradiction (from Theorem 1). 


THEOREM 3: For every Nash equilibrium 
(Yo Yy) WLY,,..-. Yy] WAY)... Yy] 
for all i=1,..., N. 
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PROOF: 

If P=(x(m™(¥j,...,¥y)). (m Y... 
Yy))) is chosen when the firms report 
(Y,,...,¥y), when the firms report Y/= 
{y; (m° (Y p.” ¥w))}s the planning board 
will again choose P. Therefore, U(x(m"(y,, 

-> Yy) = U(x(m™(¥j, ..., ¥y))). Since 
.» Yy) is.a Nash equilibrium, y,(m™(¥,, 

LY ey, for all i. Thus, ¥/ C Y, for all i 

and U(x(m(¥j, ..., YY) < U(x(m*(Y,, 
» Yy))). 
We therefore have WAY 3305 ¥yl= 


U(x (m? (Y;,... »Yv))) T U(x(m®™ (Yi. 
YD) < U(x(m™(¥,, wea WYE WILY. Yy] 
THEOREM 4: If (YP... YA) is a Nash 
equilibrium e for all i, WY,,..., Yy]= 
WAY*,..-,¥y], then P* = (x(m™ (ve... 
YE), YOn, ..., Y$ ))) solves problem (1). 
PROOF: 


(i) Since (Yf,...,Y%). is a Nash 
equilibrium, P* = (x(m™(Yf,..., Y¥%)), 
Y(m™(YF,..., Ye) EXX Y, X22. X Yy 

(ii) By admissibility, (x(m™(7Y,,..., Yy), 
y(m”(Y,,..-, Yy)) ‘solves (1). By assump- 
tion, U(x(m"(Y,,..., ¥v)) = WAY... Yy] 
= WAYS, ..., ¥¢]= U(x(m(¥¥, ..., Y$))). 
From (i), P* 1s feasible. Thus, P* solves (1). 
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The Forward Exchange Rate, Expectations, 
and the Demand for Money— 
The German Hyperinflation: Comment 


By MICHAEL K. SALEMI* 


As Phillip Cagan pointed out, hyperin- 
flation provides the opportunity to study 
monetary phenomena in a situation where 
increases in nominal quantities . dwarf 


changes in real quantities. The large changes — 


in prices, moreover, surely create sizeable 
incentives to predict as well as possible the 
changes in these prices. Thus a central fea- 
ture of a model of asset supply and demand 
in hyperinflation is the way in which agents 
are assumed to form their expectations. In a 
recent article in this Review, Jacob Frenkel 
proposed to infer from the data on spot and 
forward deutsche mark exchange the one- 
month future rate of inflation expected in 
Germany during the post-World War I hy- 
perinflation. The major virtue of such an 


approach, suggested Frenkel, was that it 


depended on observable market prices rather 
than mechanistic formulae to generate 
agents’ guesses as to the opportunity cost of 
holding money. 

Frenkel based his conclusion that foreign 
exchange data could be used to measure 
inflation expectations on evidence that dur- 
ing the hyperinflation the market in deut- 
sche mark exchange functioned efficiently. 
He based his conclusion that exchange 
markets were efficient on his estimates of 
two regressions: 


(1) logS,=at+blog F,_,+U, 
(2) logS,=a'+b'log F,_,+c'log F,_,+U, 
where S, is the spot rate between German 


*Assistant professor of economics, University of 
North Carolina-Chapel Hill. I wish to acknowledge 
helpful comments from Arthur Benavie, Richard 
Froyen, James Ingram, Thomas Sargent, Roger Waud, 
and the managing editor. Part of the work of this paper 
was assisted financially by the Social Science Research 
Council. 
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marks and pounds sterling, and F,_, is the 
one-month forward rate at time t—/, that 1s, 
the price at time t—j for delivery at t—j+ 1. 
If the foreign exchange market is efficient, 
Frenkel argued, one would expect to find 
that the constants are zero, the coefficients 
of F; are one, the coefficient of F, 1s 
zero, and that the errors are serially uncorre- 
lated. On the basis of his estimation of (1) 
and (2),. Frenkel found that these restric- 
tions were at least approximately met and 
concluded that the data from the foreign 
exchange market was appropriately used to 
measure expectations.! 

Evidence will be presented below that the 
market in deutsche mark exchange did not 
function efficiently. In particular it will be 
argued that the forward exchange premium 
did not contain all the information available 
to agents to predict the rate of inflation. 
Thus the view that inflation expectations 
based solely on the forward exchange pre- 
mium were rational in the sense of John 
Muth will be rejected. 


I. Inflation Expectations and the Forward 
Exchange Premium 


That the forward exchange premium 
should contain information on the rate of 
inflation expected to be realized one period 


1“The results,” concludes Frenkel,“‘...provide sup- 
port for the notion that during the hyperinflation ex- 
pectations may have behaved rationally in the sense of 
Muth, and that one may use data from the foreign 
exchange market to measure expectations. In fact, it 
should not be surprising that even during the turbulent 
period of the hyperinflation the rational expectations 
hypothesis might apply. It stands to reason that the 
larger variability of the exchange rate increases the rate 
of return from and the amount of resources invested in 
accurate forecasting” (pp. 655-56), 


764 THE AMERICAN ECONOMIC REVIEW 


in the future is a consequence of the expec- 
tations hypothesis. The hypothesis states that 
agents will be indifferent between prospects 
if and only if their expected returns are 
equal, and implies 


S, 
pOH) 


(3) (tre) = 


where S,= the pol rate of exchange at time t 


(DM/£) 
F =the price at t of exchange ‘to "be 
delivered at t+ 1 
` Tyk „= Short-term bank rate in Britain 
n= = short-term: bank rate in Ger- 
3 many.’ 
The left-hand side of (3) is the return to a 
British wealth: owner holding short-term 
British bonds. The right-hand side of (3) is 
the return to the same wealth owner who 


holds short-term German bonds and adopts | 


a covered position in foréign exchange. 


Equation (3) itself does not imply that ` 


agents build into the foreign exchange pre- 
mium all the information in economic data 
useful for predicting the inflation rate. But 
‘suppose further that 


(4) Fa, Ta tTa 
luk, t Tuk, t Tuk 


: td 


where zs denote rates of inflation an- 


ticipated at t to be realized at t+1 and rs 


denote real rates of interest. By substituting 


2The data for the deutsche mark spot and forward 
exchange are from Paul Einzig which gives spot and 
forward quotes at weekly intervals. For this study the 
quote nearest the fifteenth of each month was em- 
ployed. A second set of data for forward and spot 
exchange in Germany are.reported in John: Maynard 
Keynes. The data in Keynes are for the beginning of 
the month. The interest rate employed in this study is 
the short-term bank rate in London reported in the 
Federal Reserve Bulletin (1921, 1922, 1923) and else- 
where. The rate of inflation X, is the first difference of 
the natural log of the index of wholesale prices P, 
observed as a monthly average of daily rates throughout 
the hyperinflation ‘and reported in Statistisches 
Reichsamt. 


(© main R/S.) +4, 
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A) into (3) and taking logs one obtains 
re (5) l In(1 + Tut t Tuk) í 


=In(S,/F,)+In(1 +7; +F) 
which implies approximately _ 
Taa Fak ta 
Since In (F,/S Y approximately equals (F, 


— S,)/S,, the premium for forward exchange 
in percentage terms, equation (6) forms the 


. basis for linking 7,, to the- forward pre- 


mium. If the real rate in the United King- 
dom is equal to the German real rate, (6) 
predicts that the expected ‘inflation rate of 
German prices .will be approximately equal 
to the forward premium ‘plus the expected . 
inflation rate of British prices. 

Observations on British nominal interest _ 
rates during the period of the hyperinflation 
are available: from several ‘sources. In what . 


follows the Frenkel inflation apie will 


be taken to be 


(7) , Tg SFP, Ta 
where FP, =In( FL/S,) +1 yx, 


The effect of 7, on the prediction will be 
accounted for by the inclusion of a constant 


‘in the equations. which are estimated. Note 


that (7) implies that.if F; is positive then the 
forward premium should exceed Ty ,. 


II. Testing the Rationality of Inflation 
. Predictions Based on the Forward | 
Exchange Premium 


Frenkel’s line of investigation,. while im- 
portant and interesting in any case, would 
clearly be more interesting if his conjecture 
on the rationality of inflation predictions 
based on the forward ‘exchange premium 
were true. A direct test of the conjecture is 
available, and suggests, however, that the 
conjecture is false. The test depends in a 
straightforward way on the fact that ration- 
ally formed expectations do not waste in- 
formation which would be useful in form- 
ing a prediction. Thomas Sargent and Neil 
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TABLE 1— TEST OF THE RATIONALITY OF THE FORWARD EXCHANGE PREMIUM PREDICTION 
OF THE RATE OF INFLATION 
Dependent 
Variable con. trend FP,_, Xt Xy 3 X,~3 Xs Xs Xı—6 
Feb. 1921- X 18 -~ 5.21 - ~ - - - R? = 43 
Aug. 1923 (.08) (1.11) D.W.=1.33 
SSR=4.71 
X, —72 04 236 62 —.54 28 -101 -.40 -.70 R?=.80 
(.29) (0.1) (1.49) (.28) (34) (.36) (36) (35) (4I) SSR=1.67 
X, — FP} 32 Žž - ~ ~ — — - - - DW.=.52 
(.09) SSR=7.02 
X -FP -23 04 ~ 73 —.40 16 —.86 —.50  .09 R?=,75 
(.13)  (.01) (.26) (3D (33) (3D (33) (3) SSR=1.74 
Feb. 1921- X, 2 = 1.15 -~ - - -— - - R? = 04 
June 1923 (.06) (1.10) D.W.=1.20 
SSR= 2.085 
X, -.56 03 —2.20 41 —47 28 -.13 20 —.58 R? = 64 
(21) (01) (1.46) (23 (20 (26) (36) (33) (31) SSR=.7858 
X,-FP,_, 22 = ~ ~ ~ - - - - DW.=116 
(.05) SSR=2.086 
X,-FP,_, -16 04 _ 30 -63 44 -52 07 —.64 R?= 53 
(10 ¢.01) (25 (2D (.27) (33 (30 (34  SSR=.97 


Sources: The data are taken from Einzig, Statistisches Reichsamt, and several issues of the Federal Reserve Bulletin 
between 1921 and 1923. Note: SSR = sum of squared residuals. 


Wallace and the author (1976) report evi- 
dence that the stochastic process which de- 
scribes the evolution of the inflation rate 
during the German hyperinflation contained 
an important autoregressive component. 
Thus much of the variation in the one-period 
future inflation rate could have been predic- 
ted by forecasting on the basis of past and 
present inflation rates.? Clearly then, a 
potential source of additional information 
to use in testing the rationality of the predic- 
tions based on the forward exchange pre- 
mium is the past history: of the rate of 
inflation. 

The test of the rationality of forward pre- 
mium prediction will be based on estimation 
of the following equation: 


(8) X,= 
MLAG l 
a+b-trend+ >). cX, ;+d FP, _,+U, 


i=l 


3In my dissertation, I found that I could not reject 
on the basis of the pairwise tests suggested by C. W. J. 
Granger that the rate of inflation was not Granger- 
caused by any in a large list of available time-series for 
the German hyperinflation inchiding the forward pre- 
mium, 


where X, =the natural /og approximation to 
the rate of inflation at time t and FP,_, is 
defined as before. If FP,_, truly provides 
rational expectations of X,, then one ought 
certainly to accept the hypothesis that b and 
c; are zero. Failure to accept the hypothesis 
is evidence that FP,_, excludes important 
information available in the data. 

For MLAG=6 the results of estimating 
(8) are reported in Table I and are evidence 
to reject the rationality claimed by Frenkel 
for FP,_,. When estimated for the period 
from February 1921, through August 1923, 
the appropriate test statistic was estimated 
to be 5.70 which exceeds the .99 level of 
significance of the F(7,22) distribution. In 
addition, inspection of.the constrained re- 
gression shows that the coefficient of FP,_, 
is estimated to be 5.21 with an estimated 
asymptotic standard error of 1.11 which 
demonstrates just how seriously the forward 
premium on average underpredicts the in- 
flation rate. 

One might argue, however, that the above 


‘test discards information implicit in the hy- 


pothesis that FP,_, is a predictor of X,. If 
the hypothesis is true, then the coefficient 
on FP,_, in the above equations will be 1.0. 
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It is clear that imposing the unit coefficient 
condition on the regression will raise the 
residual sum of squares, other things equal. 
But imposing the restriction may make it 
more difficult for other data dated t—1 and 
earlier to enter the regression equation. To 
test the rationality of FP,_, as a predictor 
of X, using the theoretical restriction 
described, an appropriate equation to esti- 
mate is 


(9) 


X, — FP, , =at+b-trend+ 


MLAG 
2 c;X,_;+ U 
i=] 

The results are reported in Table 1 and 

again support rejection of the hypothesis 

that the forward exchange premium predic- 
ted inflation rates rationally. The test statis- 
tic for the hypothesis that b and the c, equal 
zero was estimated to be 9.99 which exceeds 
the 99 percent significance level of the 

F(7,23) distribution.* 

The results reported in Table 1 are evi- 
dence, moreover, to accept the hypothesis 
that the forward exchange premium makes 
no significant contribution to a prediction 
of X, given past values of X. The null hy- 
pothesis is that the coefficient of FP,_, in 
equation (4) equals zero. The test data are 
summarized in Table 2. At the 95 percent 
level of significance one would fail to reject 
the null hypothesis against either the alter- 
native d0 or the alternative d>0. 


“This result proved to be robust with respect to lag 
length and ending date. The reported tests were con- 
ducted varying the maximum lag of X, in equations (8) 
and (9) between I and 6. In every case, a 95 percent 
test of the null hypothesis would lead to rejection. In 
most cases, the marginal level of significance exceeded 
99 percent. The X, series tends to explode in the second 
half of 1923 and thus a regression attempting to explain 
X, between February 1921 and August 1923 might do 
well by explaining X, for only the last few months. 
Thus the reported tests were conducted over the period 
February 192i-—June 1923, a period during which | 
argued that the X, series is stationary. The results for 
maximum lag 6 are reported in Table 1. For the test 
that lagged X, and trend do not enter when the coeffi- 
cient of FP,_, is unconstrained, the test statistic is 
estimated to be 4.72 which exceeds the 99th percentile 
of the F(7,20) distribution. If the coefficient on FP,_, 
is constrained to 1.0, the test statistic is estimated to be 
3.43 which exceeds the 95th percentile of the F(7,21) 
distribution. 
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TABLE 2— TEST OF THE HYPOTHESIS THAT THE FORWARD 
EXCHANGE PREMIUM MAKES No CONTRIBUTION TO 
A PREDICTION OF X, GIVEN THE PAST HISTORY oF X 


(MLAG=6) 
5 Percent Critical Value 
Degrees of Two-Tail One-Tail 
Period T-value Freedom Test Test 
Feb. 1921- 
Aug. 1923 1.58 22 2.074 1.717 
Feb. 1921- 
June 1923 —1.50 20 2.086 1.725 


MI. Sequential Prediction of the Inflation Rate 


The previous section demonstrates that 
by June 1923, a rational agent would not 
have predicted the rate of inflation solely on 
the basis of the forward exchange premium. 
This is not surprising since FP,_, under- 
states X, in virtually every month. For ex- 
ample, FP,_, did not exceed 1 percent per 
month until September 1922 even though 
the average monthly inflation rate for the 
year ending in September 1922 was 27.8 
percent and the monthly rate exceeded 6.5 
percent in every month but one in that year. 
Nevertheless, it is interesting to inquire how 
quickly a rational agent would have come to 
distrust the forward exchange premium as 
the sole basis for predicting the inflation 
rate.” 

Two approaches were used to pursue this 
inquiry. First, unconstrained equations (8) 
and (9) and their constrained versions were 
estimated sequentially between February 
1922 and August 1923. In each month, the 
regression employed only inflation rates 
dated earlier in order to estimate the autore- 
gressive component of the equations and to 
form the statistic for the test that the data 
on past inflation made no significant con- 
tribution to the explanation of X, given 
FP,_, and a constant. The results are sum- 
marized in Table 3. For comparison, col- 
umn (1) reports X, while column (2) reports 


>The need for such a sequential approach has been 
discussed in Robert Barro. 

®Due to the small number of observations available 
the number of lagged terms was lowered from six to 
four and the trend term was suppressed. In principle 
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TABLE 3— SEQUENTIAL PREDICTION OF X, AND SEQUENTIAL TESTING OF 
THE RATIONALITY OF PREDICTIONS OF X, BASED SOLELY ON FP,_; 
Marginal Significance of 
Statistic to Test the 
; Hypothesis c; =... =c,=0 
X, FP -1 x, x? (5) 

Month (1) (2) (3) (4) Equation (8) Equation (9) 
2/22 113 - 0003 124 220 .062 335 
3/22 .281 .0013 — 123 .068 707 713 
4/22 157 .0033 118 387 661 652 
5/22 016 .0033 14] 467 .652 .690 
6/22 : .085 .0026 .147 315 713 .693 
7/22 358 0026 .145 290 416 419 
8/22 646 .0063 .163 528 326 206 
9/22 402 0112 372 932 291 091 
10/22 679 0327 ` .230 71 -180 031 
11/22 712 0667 .758 796 347 004 
12/22 245 .0676 824 406 321 031 
1/23 .636 0534 374 154 376 013 
2/23 696 0429 640 646 .227 003 
3/23 — 133 2256 427 349 001 010 
4/23 .064 £0330 340 117 .001 010 
5/23 450 0571 410 abe) .001 006 
6/23 864 .1099 — 114 A21 015 084 
7/23 1.350 .0638 434 1.35 O11 012 
8/23 2.536 .2852 ; 1.239 2.03 .002 001 
9/23 3.234 4088 3.309 1.85 
Average 534 056 350 566 
2/22-8/23 (.60) (.077) (.33) (.47) 


FP,_,. Column (5) reports the marginal 
significance levels for the F-statistics which 
test the hypothesis that lagged inflation rates 
do not help to predict the time t inflation 
rate given the prediction of that rate based 
on the forward exchange premium observed 
at time t—1. The marginal significance is 
the probability that the test statistic would 
take on a value greater than or equal to the 
observed value if the null hypothesis were 
true. Thus, in one sense, the data tell us that 
by no later than October 1922 an agent 
attempting to predict next month’s inflation 
rate would be at least “95 percent sure” that 
the forward premium produced serious sys- 
tematically erroneous predictions of the in- 
flation rate. 


for the purposes of forecasting one would wish to allow 
a generous number of lags and to exploit any serial 
correlation in the residuals. The point here is that even 
without taking these potentially valuable steps, it is 
clear that FP,_, does not incorporate the information 
available even in the history of inflation rates, + 


The second method used to evaluate the 
quality of inflation rate predictions based 
solely on the forward exchange premium 
was to create some competitive predictions 
based solely on the past history of inflation. 
In each month the four-lag autoregression 
for X, given in equation (10) was estimated 
by ordinary least squares and a prediction 
for X,+; was formed under the assumption 
that U, was serially uncorrelated. 


4 
(10) X,=at D ¢X,_,+ U, 


i=] 


These predictions, defined as the X, series, 
are reported in column (3) of Table 3. In 
fourteen of the nineteen months between 
February 1922 and August 1923, X, lies 
between X, and FP, (usually closer to X,). 
Over that period X, averaged .534, X, aver- 
aged .350, and FP,_, averaged .056: Move- 
over, the sum of squared prediction errors 


for the period was 4.95 for X, and 17.99 for 
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FP,_,. In short, during the period the simple 
autoregressive forecasting model of equa- 
tion (10) decisively outperforms the forward 
exchange premium prediction.’ 

In summary, it is clear that a rational 
agent would not have predicted the inflation 
rate solely on the basis of the forward ex- 
change premium. Moreover, a rational agent 
could be reasonably sure by November 1922 
that the forward premium omitted informa- 
tion available in the past history of inflation 
to predict the future rate. Finally, such an 
agent would have erred less by predicting 
the inflation rate via a sequentially esti- 
mated autoregressive representation for X, 
than by predicting on the basis of the for- 
ward premium.® 


IV. Risk Premia and Expected Inflation 


The results reported in the previous sec- 
tions are disturbing because they suggest 
that on average it was possible for either 
British or German traders to exploit profit- 
ably the disparity between German and 
British rates. Assume again that during the 
hyperinflation expectations were rationally 
formed, that is, that 7, is equivalent to the 
optimal linear prediction of X,,, condi- 
. tioned on data available at t. The previous 


TTo make further comparison possible the predicted 
values from the estimation of 


6 
X,=a+b-trend+ > CX- t V 
fon] 


are recorded in column (4) of Table 3 as Xf. Thus Xf 
represents the best linear prediction possible of X, 
using the information from past X when all the infor- 
mation in the sample-is used to form estimates of a, b, 
and the cs. Between February 1922 and September 
1923, Xf averaged .566 with a sum of squared predic- 
tion errors equal to 3.55. The sum of squared errors for 
Xf? was 72 percent as great as that for X, but mere- 
ly 20 percent as great as that for FP,_,. Similarly, X, 
dominated FP,., in the February 1922-June 1923 
period discussed earlier. 

8For corroboration, the tests of this secticn were all 
redone using the exchange data reported in Keynes and 
performing the appropriate interpolations for the inter- 
est rate and inflatión series. With the Keynesian data, 
the results are even stronger to reject the rationality of 
an inflation prediction based solely on FP,_,. The 
results indicate that a rational agent would not have 
relied on the forward premium to predict X, irom early 
1922 until the end of the hyperinflation. 
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sections have demonstrated that 
(11) %4,,> FP, 


which implies’ that for any positive German 


real rate of interest 


(12) ra> M(E S) + tuts 


To profit from this disparity, a British or 
German resident would borrow pounds in 
London, buy spot and sell forward marks, 
and lend marks in the short-term German 
market. 

It is interesting to observe finally that 
weakening, in a reasonable way, the as- 
sumption of risk neutrality upon which 
equation (3) depends will not rehabilitate 
Frenkel’s view that the forward premium 
provides expectations of inflation rational in 
Muth’s sense. The greatest risks involved in 
the transactions outlined would seem to have 
been that German borrowers or those with 
short positions in forward pounds would 
have defaulted on their contracts. Suppose 
that as compensation for bearing risks, those 
who held long positions in forward pounds 
and loaned funds in German bond markets 
insisted that a risk premium be paid. Then 
equation (3) would be replaced by 


ee 
(13) (Ira) = Bree (l+ rug) 


where pr> 1.0 is the risk premium. By the 
line of reasoning employed earlier, equation 
(14) may be deduced as an appropriate re- 
placement for equation (7): 


(14) Ta pr — Prt FP, 

where pr=I/n(pr)>0. Equation (14) says 
that even if agents in foreign exchange 
markets reacted systematically to all infor- 
mation useful for predicting inflation, never- 


theless FP,_ , might on average underpredict 
the rate of inflation at time t. 


m> FP,= nC R/S) + ture, ¢ 
apm, > In( B/S.) + tug, oF 


=r, >In FE /S +Tax, 
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But the hypothesis that agents required a 
risk premium to borrow in British markets 
and lend in German markets will not re- 
habilitate the view that the forward ex- 
change premium provided rational expecta- 
tions of the rate of inflation. If z,,_, is to 
be the rationally formed prediction of X, it 
is required that 


(15) X=. + W, 


where W, is uncorrelated with any data 
available at t— 1. Substituting from (14) and 
rearranging yields 


(16) Xe FP- Sproat W, 


A constant risk premium provides an ex- 
planation for the positive constants esti- 
mated for the constrained regressions of Ta- 
ble 1. But it cannot explain away the fact 
that if FP,_, contained all the information 
available at t— 1 on the variation in X, then 
past X should not enter equations (8) or 
(9). 


V. Conclusions 


The efficient markets hypothesis asserts 
that any information useful in the predic- 
tion of future spot rates will, by the market 
activity of agents, be built into the prices at 
which appropriately dated forward con- 
tracts trade. The hypothesis has two parts: 


One might argue that the appropriate risk pre- 
mium did not remain constant but rather increased 
throughout the course of the hyperinflation. To ex- 
amine this possibility constrained regressions of the 
form 


X,-FP,_;=a+b-trend+ W, 


were estimated. Positive estimates of b (on the order of 
.02 per month) were found and are consistent with the 
view that the perceived riskiness of long positions in 
German paper assets grew as the hyperinflation pro- 
gressed. Nevertheless, the hypothesis that the c;=0 in 
the unconstrained regression 


MLAG 
X,—FP,_.,;=a+b-trend+ 3) ¢;-X,_;+ W 
i=} 


was consistently rejected at standard significance levels. 
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the expectations hypothesis and the hy- 
pothesis that expectations are formed ra- 
tionally. Thus the evidence of this paper is 
in fact evidence to reject the efficient market 
hypothesis for the market in deutsche mark 
exchange during the period of the German 
hyperinflation. A word of caution is in order, 
however. The analysis of this paper is based 
on the assumption that short-term nominal 
rates adjusted fully and quickly to changes 
in the expected rate of inflation. While this 
is a reasonable assumption, one would de- 
sire to test it directly by analysis of German 
short-term interest rates during this period. 
Unfortunately, none of the several statistical 
sources which report data for post-World 
War I Germany report a series of short-term 
market rates. In a subsequent paper I hope 
to readdress this topic using an index of 
short rates constructed from financial data 
available in the Frankfurter Zeitung. 
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The Forward Exchange Rate, Expectations, 
and the Demand for Money— 
The German Hyperinflation: Reply 


By JACOB A. FRENKEL* 


Standard theories of the demand for 
money assert that the demand depends on 
the expected cost of holding money. To the 
extent that money is held as a substitute for 
securities, the relevant cost is the rate of 
interest; to the extent that money is held as 
a substitute for ownership of commodities, 
the relevant cost is the expected rate of 
inflation; and to the extent that (domestic) 
money is held as a substitute for foreign 
exchange, the relevant cost is the expected 
change in the exchange rate. In my earlier 
1977 paper dealing with the demand for 
money during the German hyperinflation of 
1921-23, I used the forward premium on 
foreign exchange as a direct measure of the 
expected cost of holding German marks. 
This approach reflects the belief that in a 
highly inflationary economy with flexible 
exchange rates one of the important sub- 
stitutes for the holdings of domestic money 
is foreign exchange. Indeed, the evidence 
from the German hyperinflation illustrated 
the substitutability between foreign ex- 
change and domestic money. The acceler- 
ated inflation resulted in a gradual replace- 
ment of domestic money by foreign ex- 
change in performing the traditional roles of 
money as a unit of account, as a store of 
value, and even as a medium of exchange. 
The major virtue of the proposed direct 
measure of expectations is that it is not 
derived from a specific mechanistic formula, 
but rather, it reflects the (unobservable) ex- 
pectations of agents as manifested in market 
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prices. Prior to incorporating this measure 
of expectations in estimating the demand 
for money, I explored some of the efficiency 
properties of the market for foreign ex- 
change by examining the relationship be- 
tween spot and forward exchange rates. I 
concluded that even though the forward rate 
seems to have underpredicted the actual 
course of events, the overall relationship be- 
tween spot and forward rates lent support to 
the approach of using data from that market 
as the basis for inference on expectations. 

In his comment, Michael Salemi argues 
that the foreign exchange market did not 
function efficiently since the forward pre- 
mium on foreign exchange did not contain 
all the information available to agents to 
predict the rate of inflation. In Section I, 
I show that using Salemi’s own techniques 
for testing efficiency one cannot reject the 
hypothesis that the foreign exchange market 
functioned efficiently. In particular I show 
that one cannot reject the hypothesis that 
the forward premium on foreign exchange 
contained all the information available for 
predicting the rate of depreciation of the 
mark in terms of foreign exchange. Section 
II contains some further analysis of the rela- 
tionship between spot and forward ex- 
change rates with concluding remarks in 
Section ITI. 


I. The Rationality of Using the Forward 
Premium as a Measure of Expectations 


The fundamental difference between 
Salemi’s framework and mine lies in the 
interpretation of the margin of substitution 
that is measured: by the forward premium 
on foreign exchange..In my analysis the 
forward premium measures the expected de- 
preciation of the currency in terms of for- 
eign exchange, while in Salemi’s analysis it 
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measures the depreciation in terms of goods 
(or more precisely it measures the difference 
between German and U.K. inflation rates). 
As is clear in the long run, when various 
parity conditions are satisfied, the two mea- 
sures coincide. Salemi’s procedure assumes 
that all parity conditions are satisfied. Thus 
he assumes that (i) the interest parity theory 
holds, that is, the difference between Ger- 
man and British rates of interest equals the 
forward premium on foreign exchange; (ii) 
Irving Fisher’s relationships hold, that is, 
the nominal rates of interest in Germany 
and in the United Kingdom equal the sum 
of the respective real rates of interest and 
the expected rates of inflation; (111) the real 
rates of interest in Germany and Britain are 
.constant; (iv) the rea] rates of interest in 
Germany and Britain are equal to each 
other; and (v) that relative purchasing power 
parity holds so that the percentage change 
in the exchange rate equals the difference 
between expected rates of inflation in 
Germany and Britain. Of course, not all of 
the above conditions are independent. If 
some of these conditions are not satisfied in 
the short run, the forward premium on for- 
eign exchange may not be used to measure 
the expected (differential) rate of inflation 
even though it may be used as a measure of 
the expected depreciation of the currency in 
terms of foreign exchange. 

The results of Salemi’s test confirm the 
hypothesis that the forward premium on 
foreign exchange is not a sufficient statistic 
for the prediction of future inflation since 
the past history of the rate of inflation 
“helps” the prediction. This, however, is not 
the test that is relevant for my conceptual 
framework. For that framework, the rele- 
vant test would be whether the forward pre- 
mium on foreign exchange is a sufficient 
statistic for the prediction of future deprecia- 
tion of the currency in terms of foreign 
exchange in the sense that, given the value 
of the forward premium, the past history of 
. the rate of depreciation does not help the 
prediction.' Applying Salemi’s test proce- 


1In addition to this fundamental conceptual dif- 
ference in the interpretation of the role of the forward 
premium, it is noteworthy that Salemi’s measure of 
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dure to this question requires the estimation 
of the following equation: 


M ; 
(1) X,=agta,t+ `, BX, bya tu 


i=l 


where X, denotes the percentage change in 
the spot exchange rate (/n S,— in S,_,), mE] 
denotes the forward premium on foreign 
exchange (/n F,_,—inS,_,), t denotes time, 
S and F denote the spot and the forward 
exchange rates, respectively, M denotes the 
number of lags, and u denotes an error 
term. If 7#., is a rational expectations mea- 
sure of the percentage depreciation of the 
currency X,, then one should not be able to 
reject the hypothesis that a, and £; are zero. 
The results of these tests for various num- 
bers of lags are reported in Table 1; also 
reported in Table 1 are the results of testing 
the joint hypotheses that a, and £, are zero 
and that y, the coefficient of the forward 
premium, is unity. The relevant statistic for 
testing the null hypothesis is an F-statistic 
which is reported in Table 1. As is evident 
in all cases the null hypothesis cannot be 
rejected at the 95 percent confidence level 
since the values of the various F-statistics 
fall well below the corresponding critical 
values. It is concluded therefore that the 
forward premium on foreign exchange may 


what he terms “the Frenkel inflation predictor” (de- 


fined’ as the forward premium plus the foreign nominal 
rate of interest minus the domestic real rate of interest) 
was never defined or used by me. Furthermore, Salemi’s 
derivations assume that /n(1+ x) can be approximated 


' by x. For the period of the hyperinflation, in particular 


during 1923, this approximation is extremely poor since 
the value of x (the sum of the real rate of interest and 
the expected rate of inflation) is relatively large. For 
example, the regression of the actual wholesale price 
index rate of inflation DP/P on In(1+ DP/P) yields 


DP/P= —.073 + 1.689 In(1+DP/P) 
(.029) (075) 


and thus indicates the extent of the error that is 
introduced by the approximation. As an historical aside 
it should be noted that the name of the German cur- 
rency during that period was the “mark” and not the 
“deutsche mark” as used by Salemi. The deutsche mark 
was introduced much later when it replaced the 
reichsmark, 
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TABLE 1—TEST OF RATIONALITY OF FORWARD 
PREMIUM PREDICTION OF CURRENCY DEPRECIATION 
(Monthly Data, February 1921— August 1923) 


. Number 
Null Hypothesis of Lags F-statistic 
a, =0, 8, =0 4 F(5, 18) = .978 
5 F(6, 17) = 1.209 
6 F(7, 16) = 1.206 
a, =0, 8;=0, 4 F(6, 18) = 1.442 
y=0 5 F(7, 17) == 1.552 
6 F(8, 16) = 1.653 


Note: Data are from Paul Einzig. 


be viewed as a rational expectations mea- 
sure of the percentage depreciation of the 
currency. These results indicate that, to the 
extent that foreign currency holdings are 
viewed as a relevant substitute for the hold- 
ings of domestic money, the forward pre- 
mium on foreign exchange may be viewed 
as a proper rational expectations measure of 
this relevant margin of substitution.” 


If. Further Evidence on the Relationship 
between Spot and Forward Rates 


In my 1976, 1977, and 1979 papers, I 
analyzed the efficiency of the foreign ex- 
change market during the German hyperin- 


2? The fact that the forward premium may be viewed 
as a proper measure of the expected depreciation of the 
mark in terms of foreign exchange but not as a measure 
of the expected domestic (wholesale price) inflation 
stems from short-run deviations from purchasing power 
parities. The existence of these deviations led Andrew 
Abel et al. to estimate the demand for money as a 
function of both margins of substitution—the expected 
change in the exchange rate and the expected rate of 
inflation. They showed that the coefficient of the ex- 


ternal margin of substitution was about three times the. 


size of the coefficient of the internal margin of substitu- 
tion. In his conclusion Salemi emphasizes that his anal- 
ysis is based on the assumption that “short- 
term: nominal: rates [of interest] adjusted fully and 
quickly to changes in the expected rate of inflation” 
and that there is a difficulty in testing this since “none 
of the several statistical sources which report data for 
post-World War I Germany report a series of short-term 
market rates” (p. 769). As a matter of fact James 
Angell (pp. 370-71) reports two series of money rates 
(private discount up to December 1922 and day-to-day 
rates for the entire period). These rates are low relative 
to the rate of inflation and thus shed some doubts on 
the maintained hypothesis concerning the efficiency of 
the German credit market during the hyperinflation. 
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flation by examining the relationship (ob- 
tained by ordinary least squares (OLS) 
estimation) between the (logarithms of the) 
current spot exchange rate and the one- 
month forward exchange rate prevailing at 
the previous month as in equation (2): 


(2) . InS,=a+bin F._,+u, 


If the forward exchange rate is an unbiased 
forecast of the future spot exchange rate, 
then the constant should not differ signifi- 
cantly from zero and the slope coefficient 
should not differ significantly from unity. 
Efficiency requires that the residuals from 
the estimated regression contain no relevant 
information and thus, that they are serially 
uncorrelated. My inference on efficiency was 
based on the analysis of equation (2) which 
stimulated Salemi’s comment. In this section 
I deal with two technical issues associated 
with this procedure. 


A. Errors in Variables 


One of the assumptions underlying the 
use of equation (2) is the notion that the 
forward exchange rate may serve as a good 
proxy for the unobservable value of the 
expected future spot exchange rate. This 
assumption provided the justification for 
using equation (2) instead of the more 
fundamental relationship that is embodied 
in equation (3): 


(3) nS =E, nS +e, 


where E,_,/n S, denotes the expected spot 
exchange rate for period t as of period t—1. 
If, however, the forward exchange rate at 
t—l is a “noisy” proxy for the expected 
future value of the spot rate, we would 
obtain that 


(4) atbin R= E nS +o; E(v,) =0 


More precisely, the requirement that the mathe- 
matical expectations of S, and F; be equal (rather 
than the requirement of equality between the mathe- 
matical expectations of the logarithms of S, and F_,) 
imply that the constant term in equation (2) should not 
differ significantly from —0.50,. 
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-TABLE 2— TEST FOR THE PRESENCE OF ERROR IN VARIABLES AND EFFICIENCY OF THE FOREIGN EXCHANGE MARKET 
(Monthly data, February 1921—August 1923) l 


Method of Dependent 
Estimation . Variable Constant mE, R? s.e. D.W. m 
OLS InS, — 0.454 1.095 98 456 1.89 
(0.254) (0.029) 
Iv mS — 0.401 1.088 © 98 457 1.88 38 
| (0.268) (0.030) . 


Note: Standard errors are in parentheses below each coefficient; s.e. is the standard error of the equation. The JV 
estimation method is used in order to allow for the possibility of errors in variables arising from using in F,_, as a 
proxy for the expected future spot rate; the instruments are lagged values of the dependent and independent 
variables, a constant, time, and time squared. The m-statistic tests for the absence of errors in variables. The 
m-statistic is distributed x? with two degrees of freedom. The critical value for x7(2) is 5.99 (95 percent) and 9.21 (99 


percent). 


and substituting equation (4) intc equation 
(3) yields 


(5) In S,=at+bIn F_,+(€,—,-1) 


In this case the error term in equation (2) 
would be u, =£, — t the assumption that 
cov(u,, in F,_,)=0 would entail a specifica- 
tion error, and the application of the OLS 
procedure would yield biased estimates due 
to the classical errors in variables bias. 

In order to examine the possibility that 
the OLS estimates might be subject to the 
errors in variables bias, I test in what fol- 
lows the hypothesis that cov(u,, In F,_,)=0. 
This test follows the specification test out- 
lined by Jerry A. Hausman; it was recently 
applied by Maurice Obstfeld to the analysis 
of the foreign exchange market during the 
1970’s. To perform the test, equation (2) was 
estimated by applying the OLS procedure as 
well as by using an instrumental variables 
(IV) estimation method. Under the null hy- 
pothesis of no misspecification, the OLS 
coefficients vector by is an efficient and an 
unbiased estimate of the true coefficient 
vector. Under the alternative hypothesis of 
misspecification, the vector by) would be bi- 
ased and an unbiased coefficient vector b, 
could be obtained by applying an instru- 
mental variables estimation procedure. The 
test statistic relevant for testing the null 
hypothesis can be written as 


(6) l 
m=(b, -by (var b, —varb)”'(b, — by) 


where var (b 1) and var (bo) denote the 


variance-covariance matrices of b, and b, 
respectively. Under the null hypothesis, m is 
distributed (in large samples) as x? with two 
degrees of freedom. Table 2 reports the re- 
sults of estimating equation (2) by applying 
OLS and IV estimation methods. As may be 
seen the two vectors of coefficients b, and 
by are very close to each other (the constants 
are —.454 and —.401 and the slopes are 
1.095 and 1.088). Consequently, the result- 
ing m-statistic is .38 which is well below 
5.99, the critical value of x7(2) at the 95 
percent confidence level. It is concluded, 
therefore, that the use of the forward ex- 
change rate as a proxy for expectations does 
not introduce a significant errors in varia- 
bles bias and thus the use of the OLS esti- 
mation procedure seems appropriate. 


B. The Assumption of a Normal Distribution 


One of the key assumptions underlying 
the statistical tests and the resulting in- 
ference is the assumption that the distribu- 
tion generating the sample is normal. In a 
recent paper dealing with the hyperinflation 
William Krasker showed that if participants 
in the foreign exchange market believed that 
there was some probability that at some 
point monetary reform would stop the hy- 
perinflation, then the normality assumption 
underlying equation (2) would not be satis- 
fied since the residuals would not be serially 
independent. Under these circumstances the 
standard t-tests for significance of coeffi- 
cients would not be appropriate. In what 
follows I apply various tests of the normal- 
ity assumption to the case at hand. 
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To test the hypothesis that the distribu- 
tion generating the sample is normal, I com- 
puted the studentized range which measures 
the ratio of the range of the residuals to 
their standard error. The resulting statistic 
was 4.61 which lies within the interval 3.37— 
5.06, which is the relevant range for the 95 
percent confidence level. Thus, based on 
this test, the normality assumption cannot 
be rejected. In addition, the value of the 
skewness of the distribution (the ratio of the 
third moment around the mean to the third 
power of the standard deviation), which as- 
sumes the value of zero for the normal case, 
is — .431 with a standard error of .421. Like- 
wise, the excess value of the kurtosis of the 
distribution (the difference between 3 and 
the ratio of the fourth moment around the 
mean to the fourth power of the standard 
deviation), which assumes the value of zero 
for the normal case, is .957 with a standard 
error of .821.* Thus, both the skewness and 
the kurtosis measures are consistent with the 
hypothesis that the distribution generating 
the sample is normal. 


HI. Concluding Remarks 


I have shown that the forward premium 
on foreign exchange during the German hy- 
perinflation may be viewed as a rational 
predictor of the depreciation of the currency 
in the sense that, given the value of the 
forward premium, the- past history of the 
rate of depreciation does not help the pre- 
diction. Salemi’s result that the forward pre- 
mium may not be viewed as a rational pre- 
dictor of inflation suggests that in the short 
run, when various parity conditions may not 
hold, the expectations that are reflected in 
the forward premium on foreign exchange 
need to be interpreted with care. In particu- 
lar, the forward premium reflects expecta- 
tions concerning the depreciation of the cur- 
rency in terms of foreign exchange rather 
than in terms of domestic goods. In the 
context of the demand for money, the re- 
sults indicate that the expected holding cost 


*The standard errors of the estimated skewness and 
kurtosis are computed using the formulae in R, A. 
Fisher, p. 75, 
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depends on the specification of the relevant 
substitutes for the holdings of domestic 
money, and that the forward premium 
should be viewed as a measure of the ex- 
ternal (rather than the internal) margin of 
substitution. It is important to emphasize 
that short-run deviations from purchasing 
power parities need not indicate inefficiency 
of markets. Consequently, tests which re- 
quire that all parity conditions hold (like 
tests which examine the performance of the 
forward premium in predicting domestic in- 
flation) do not seem to be appropriate tests 
of efficiency for the short run. 
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Exchange Rate Dynamics, Portfolio Balance, 
and Relative Prices 


By ROBERT DRISKILL* 


Much of the recent literature on exchange 
rate determination has emphasized the role 
of the exchange rate in maintaining continu- 
ous portfolio balance among existing stocks 
of financial assets. This asset equilibrium 
approach has been referred to as the “mod- 
ern” or “new” view because it assigns the 
exchange rate no role in balancing the flow 
demands and supplies of foreign exchange 
arising from trade in goods and capital, the 
point of departure in traditional exchange 
rate theory. 

This paper attempts to extend the asset 
equilibrium approach by incorporating in it 
this neglected, more traditional aspect of 
exchange rate determination. While this ex- 
tension leaves unaltered the basic asset 
equilibrium conclusions about full stock/ 
flow equilibrium relationships between 
nominal exogenous asset supplies, exchange 
rates, and price levels, it does substantially 
change the conclusions about exchange rate 
and price level behavior in the adjustment 
phase between full stock /flow equilibria. In 
particular, the short-run response of the ex- 
change rate to a step change in the money 
supply need not be an “overshoot” of its 
long-run value, as it must be in the models 
of Pentti Kouri and Rudiger Dornbusch. 
Rather it may be a much smaller response if 
certain plausible parameter values obtain. 
In addition, the intermediate-run dynamic 
price and exchange rate adjustments to a 
money supply step change are also shown to 
be substantially different in character than 
the monotonic adjustment paths implied by 
the asset equilibrium theories. 

This analysis is not the first to incorporate 
trade flow responses to relative price changes 
into a model of exchange rate determina- 


*Assistant professor, University of California-Davis. 
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tion. Guillermo Calvo and Carlos Rodriguez 
analyze a portfolio-balance model with 
traded and nontraded goods. Their model, 
however, predicts instantaneous adjustments 
to full stock /flow equilibrium in response to 
step changes in the money supply; the only 


exchange rate dynamics in their model oc- 


cur because of changes in rates of growth of 
money supplies. Apart from the question of 
whether such instantaneous price level ad- 
justments are realistic, this characteristic 
makes their model not suitable for compari- 
son with the important asset equilibrium 
model of Dornbusch. 

A second model which incorporates trade 
flows into exchange rate determination is 
that of Jürg Niehans (1977). His model, 
though, departs from the asset equilibrium 
approach in that individuals do not continu- 
ously maintain portfolio balance among ex- 
isting assets, but rather adjust each asset 
slowly to its desired level. While the implica- 
tions of his model for the intermediate-run 
dynamics and for full stock /flow equilibria 
are similar to those found in the present 
analysis, the short-run implications are dif- 
ferent because of the assumption of lagged 
adjustment for each individual asset. 

The present analysis, then, will focus on 
the joint adjustment of the exchange rate 
and the domestic price level to a step change 
in the domestic money supply under condi- 
tions of continuous portfolio balance. The 
model used resembles that of Dornbusch in 
that the domestic price level is “sluggish,” 
that is, it takes time for the price level to 
adjust from one full stock /flow equilibrium 
to.another. It also follows Dornbusch in 
that the domestic-foreign interest differen- 
tial is assumed equal to the expected in- 
stantaneous or one-period exchange rate 
change, that is, there is perfect capital mo- 
bility. It departs from the Dornbusch model, 
however, by explicitly incorporating wealth 
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into the money demand function. It also 
departs from his model, and in turn resem- 
bles Niehans’ model, in that the slow adjust- 
ment of the domestic price level to full 
equilibrium is the result of individuals’ at- 
tempts to slowly adjust their stock of wealth 
to its desired level. This eliminates many of 
the well-known problems involved in ana- 
lyzing flow market, disequilibrium, problems 
which are inherent in the Dornbusch price 
equation formulation of prices responding 
slowly to excess demand in the flow market 
for goods. In the present analysis, all prices 
are market clearing at every period of time. 
The emphasis is on stock rather than flow 
disequilibrium.’ 


I. The Model 
A. General Features 


In order to accentuate the critical roles of 
relative prices and portfolio balance, the 
analysis abstracts from many presumably 
important aspects of economic reality. A 
strong attempt is made, however, to focus 
on those results which are probably valid 
even in the context of a more general model. 

The model is of a small economy, facing a 
fixed foreign price level set for simplicity at 
one, and a fixed interest rate on foreign 
bonds r*. Domestic output, denoted by y, is 
assumed fixed, and an imperfect substitute 
for goods produced in the rest of the world. 
There are no physical assets, and domestic 
. residents hold only two financial assets: 
domestic money M, exogenously deter- 
mined by the government, and foreign 
bonds. The foreign currency ` value of 
domestically held foreign bonds will be de- 
noted by F. Foreigners are assumed to hold 
no M. 

There are four basic building blocks in 
the model: a portfolio balance condition 
describing how individuals allocate their ex- 
isting stock of wealth between money and 
bonds; a specification of a stock demand 


1For another analysis which focuses on stock rather 


than flow disequilibrium as a more fruitful motivation ` 


for sluggish price behavior, see Douglas Purvis. 
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for real wealth; a specification of how indi- 
viduals adjust actual real wealth to its de- 
sired level; and a foreign exchange -market 
equilibrium condition. For purposes of 
analyzing the long-run effects of monetary 
changes, the model is specified in a general 
functional form. To analyze the dynamic 
adjustment from one full equilibrium to 


another, a specific functional form is speci- 


fied which permits a complete analytic solu- 
tion. The following three subsections de- 
velop the four building blocks in detail. 


B. Portfolio Balance 


To facilitate development.of the main 
points of the analysis, the asset demand 
equations are assumed: (a) to have zero 
income elasticities, (b) to be homogenous of 
degree one in wealth, and (c) to depend on 
the nominal domestic rate of interest r. As- 
suming asset market equilibrium obtains ev- 
ery period, the market-clearing expression 
can be written as 


(1) M/EF=Q(r),Q’<0 


where E is the domestic currency price of 
foreign exchange. For simplicity, Q(r) is 
assumed to have the following functional 
form: 


(2) O=Cexp(—r) 


where C is a constant. Note that the as- 
sumption of degree one wealth homogeneity 
is rather restrictive. Consequently, the impli- 
cations of relaxing this assumption will be 
discussed at the appropriate point in the 
analysis. 

Since there are no domestic bonds, the 
“domestic” interest rate r is simply the defi- 
nition of the return from holding foreign 
assets, and is equal to r* +x, where x is the 
expected percentage rate of change of E. 
The variable x is assumed to be a linear 
function of the gap between é, the /og of the 
long-run equilibrium exchange rate, and e, 
the /og of the current rate: 


(3) | x=O(é—-e) 
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This expectational scheme, which is identi- 
cal to that used by Dornbusch, simply means 
that the exchange rate is expected to mono- 
tonically return from its current value to its 
long-run equilibrium value at a rate propor- 
tional to the gap between the current and 
long-run rate.* Note that @ is assumed known 
and is proportional to the current money 


supply. 
C. Wealth 


For simplicity, desired wealth is assumed 
to be a linear function of the (constant) 
value of permanent real income. 


(4) W*/P=K 


where K is a constant and P is the domestic 
currency price of domestic output.’ 

The speed with which people adjust ac- 
tual real wealth to its desired level is a 
positive function of the gap between desired 
and actual real wealth, and is assumed to be 
log-linear in form: 

(5) Dw—Dp=d[ w*—p—(w-p)| 

where w=log W and p=log P. This equation 
relates the rate of change of the price level 
to rates of change of the domestic currency 
value of financial asset stocks and to the 
magnitude of stock disequilibrium in the 
economy. It forms the basis of the price 
adjustment equation developed later. The 
underlying assumption here is that there are 
adjustment costs in quickly spending accu- 
mulated financial wealth on goods. From a 
fundamental point of view these adjustment 
costs should be related to search costs and 
uncertainty, a task beyond the scope of this 


` 2Note that, unlike the Dornbusch model, equation 
- (3) in this model can never be consistent with perfect 
foresight. While it would be interesting to investigate 
the model’s behavior under perfect foresight, this would 
add an extra dimension to the dynamic system devel- 
oped in Section IV, making it analytically intractable. 

3 Desired real wealth could be specified as a decreas- 
ing function of the expected rate of inflation, or could 
be deflated by an index of P and Æ rather than only P, 
without changing any of the qualitative conclusions of 
the analysis. 
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paper. Note that, in this type of model, real 
expenditure, or real income minus real sav- 
ings, is not a decision variable. The decision 
variable is the speed of adjustment of actual 
real wealth to its desired level.* 

Finally, actual wealth will be approxi- 
mated around equilibrium by a Cobb- 
Douglas function:* 


(6) WxAM*(EF)'* O<a<1 


D. Foreign Exchange Market Equilibrium 


To complete the model, equilibrium con- 
ditions in the foreign exchange market must 
be specified. Under floating rates, the trade 
balance plus interest payments from abroad 
must equal the change in private foreign 
assets. The trade balance, measured in units 
of foreign currency, is similar to that used 
by Niehans, which, when expressed as a 
percentage of foreign assets, is assumed to 
be linear in the Jog of relative prices: 





(7) T/F=B(e-p)+b 
B>0, ba constant 
Since DF=T+r*F, this implies that 
dlog F 
(3) f= =B(e—p) +b’ 
b’ a constant 


- This specification implicitly assumes that the 


income effects on the trade balance are so 
small they can be ignored. This seems not 
too high a price to pay for the resulting 
simplifications. Furthermore, it does not af- 
fect the basic conclusion of the dynamic 


4For a discussion of the relation ship of this type of 
model to the traditional consumption or expenditure 
function, see Niehans (1978, p. 236). 

>To make W a good approximation to actual wealth 
W, œ must be chosen so that a/(1—a)=Q, where Q is 
the equilibrium ratio of mone ney to bonds M/EF, and A 
must be chosen to equal a~ 'Q*~%. To see this, consider 
a linear expansion of W around (Mp, Bo), where My= 
OB): W[aA(Q)*~']M+[1—a)A(Q)*]B. For W to 
equal W, a and A must be chosen so that: (i) A(Qg)s"! 
=1; (i) (I—a)4(Q)"=1. Hence, «/(I—a)=@, and 
Aza 1Q'—@, 


VOL. 70 NO. 4 


analysis, that even a simple model predicts 
. complex adjustment paths. Note that the 
trade balance is assumed to always satisfy 
the Marshall-Lerner conditions (T, >0). In- 
corporating a more realistic lagged response 
of traded goods to relative price changes 
would have created a much more complex 
model and obscured the other points of the 
analysis. 

Equations (1)—(8) determine the values of 
E, P, and F, and also the time paths dP, dE, 
and dF, given M and initial conditions on 
E, P, and F. The remainder of the paper 
discusses this determination in terms of full 
stock /flow equilibrium, and in terms of the 
adjustment from one full equilibrium to 
another. To avoid using Laplace transforms, 
which are necessary to solve continuous-time 
differential equations subject to instanta- 
neous shocks such as a timeless step change 
in the money supply, the analysis of the 
adjustment phase of the economy will be 
carried out using discrete time. 


Ii. Full Equilibrium 


In full equilibrium, all stocks are at their 
desired levels, and, in the present context, 
the price level and the exchange rate are 
constant. Full equilibrium can then be de- 
scribed by the following equations; 6 


(9) Z SLC”) Ly <0 
F * 
T(E\. ,_ 

(11) =($)+ =0 T,>0 


The comparative statics of this system of 
equations are well known and easily under- 
stood: money supply changes lead to equi- 
proportional changes in the exchange rate 


Note that wealth does not appear in the long-run 
asset demand functions; since it is at its desired level, it 
can be “solved out.” See G. C. Archibald and Robert 
Lipsey, Kouri, or Niehans (1978) for a fuller discussion. 
Note also that (9) and (10) are not the same as (1) and 


(2). 
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FiGure 1. THE TRADE EQUILIBRIUM OR 
PURCHASING POWER PARITY LINE 


and the price level, but leave F unchanged. 
That is, the quantity theory and purchasing 
power parity hold in the long run.’ In terms 
of log P and log E, denoted by p and e, 
respectively, the pairs of (e, p) corre- 
sponding to full equilibrium must lie on the 
straight line A in Figure 1. If, starting from 
full equilibrium at point (ê, p), the money 
supply is increased by Am, the new full 
equilibrium will be at (ë, p). Line A may be 
thought of as the trade equilibrium or 
purchasing power parity line. 


OI. Adjustments to Full Equilibrium: 
Initial Effects 


The question, in terms of Figure 1, is how 
p and e adjust from point (ê, p) to point 
(ë, p). The interesting issues are what de- 
termines the magnitude of relative price de- 
viations from the purchasing power parity 
line, and what determines whether the ad- 
justment path is monotonic or cyclical in 
terms of the domestic price level, the ex- 
change rate, or both. In order to highlight 
results concerning overshooting and to com- 
pare these results with those of the existing 
asset equilibrium models, the analysis of this _ 
adjustment is broken down into two parts: 


7Note that the existence of government debt would 
require a revision of this homogeneity principle: 
equiproportional changes in money and government 
bonds would lead to equiproportional changes in the 
exchange rate and the price level. 
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1) initial period effects and 2) the following 
intermediate-run dynamics to full stock/ 
_flow equilibrium. This section discusses the 
initial period effects. Note that by using 
discrete-time rather than continuous-time 
analysis, a methodological problem encoun- 
tered by Niehans in analyzing the initial 
period movement in prices and exchange 
rates is sidestepped. In Niehans’ continuous- 
time analysis, it was only possible to show 
that the exchange rate and price level must, 
following a step change in the money supply, 
instantaneously jump to somewhere along a 
specified line in (e, p) space; the actual 
values of e and p could only be guessed by 
using as clues plausible economic considera- 
tions not part of the formal model. Here, 
the actual initial period values of e and p are 
well-specified and easily computed. ) 
To determine the initial response of the 
model to a step change in the money supply 
at, say, t=0, first consider the full stock/ 
flow equilibrium conditions holding at t= 
— 1; For simplicity, and without loss of gen- 
erality, Jog K from equation (4) and b’ from 
equation (8) are set equal to zero. At t= — 1, 


` the definition of wealth is 


(12) w_,=am_,+(l—a)(e_,+f_}) 


where m=log M. The equality of desired 
and actual wealth at t= — 1 implies 


(13) PTP 


Since at t= —1 the economy is assumed in 
full stock equilibrium, f is unchanging, and 
foreign payments equilibrium implies 


(14) €_,=p_ 


Now consider an unexpected overnight 
increase in the money supply from level m 
at t= —1 to mat t=0. Taking the logarithm 
of equation (1), note that portfolio balance 
at t=0 requires . 


(15) M—ey—fp=c—r* —O(E,—ey) y 


where c=log C and‘é is the new long-run 
equilibrium value of e based on the informa- 
tion that m=m. Without loss of generality, 
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c~r* is assumed equal to zero. Noting that 
m= p =e, where p and é are the new long-run 
equilibrium levels of p and e, respectively, 
and noting that the stock-adjustment equa- 
tion for wealth, equation (5), should be in- 
terpreted as 


(16) wo-W=py—p_, 


+A[ (wt =p) (0-2-1) 
where W=am+(1—a)(e_,+f_ 1)» the values 
of ex and pọ can be computed as 

_ - allà) 
17 PER eee ota AE Ae 
co oe 1+0+8+f0(1—a) 


z (1+8+8)a( 1-A) 
1+8+8B+(1—a)ß0 


(m—m) 


(18) p= (m—m) 


Since a, A,. and @ are fractions, the 
monetary expansion of size (M — M) creates 
a less than proportional depreciation of the 
exchange rate, that is,. the exchange rate 
undershoots its long-run equilibrium value. 
This contrasts with the overshooting of 
Dornbusch. The critical difference between 
the two models which is responsible for 
these different results is: the exclusion of 
wealth as an argument in Dornbusch’s 
money demand equation. To see this, con- 
sider the reason for overshooting in the. 
Dornbusch model. There, the higher money 
demand necessary to match an increased 
money supply only comes about via a lower 
domestic interest rate. Given that the domes- 
tic interest rate equals the foreign rate plus 
the expected percentage exchange rate 
change, there must be an expected exchange 
rate appreciation. With the expectational as- 
sumption of equation (3), this means the 
current exchange rate must depreciate be- 
yond its long-run equilibrium value. 


®The idea that w is computed using the new level of 
the money supply expresses the idea that, at the begin- 
ning of the period, a nominal increase in money bal- 
ances is reflected as an increase in real balances. It is 
this observed beginning of period discrepancy between 
actual and desired real balances that causes prices to 
react as people partially adjust to full equilibrium. 
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Once wealth is an argument in the money 
demand function, though, any increase in 
the exchange rate increases the value of 
domestically held foreign assets and thus 
increases money demand.” Thus a monetary 
expansion leads to a capital outflow as peo- 
ple readjust portfolios. This outflow in turn 
depreciates the exchange rate, automatically 
raising money demand and choking off ex- 
cess demand in the market. Indeed, in the 
case analyzed here where the demand for 
money is homogeneous of degree one in 
wealth, this “wealth effect” is so strong as to 
create excess supply in the money market, 
requiring a rise in the domestic interest rate 
or, equivalently, an expected exchange rate 
depreciation.'° 

Another aspect of the initial period effect 
is that (€g—pg) is positive, implying that a 
monetary expansion leads initially to a trade 
surplus. Furthermore, differentiation of (17) 
and (18) with respect to 8 shows that 
de,/dB>0 and dp,/dB>0. This means that 
the larger is the trade balance response to 
relative price changes, the closer eg and po 
lie to the purchasing power parity line. In 
the limit as B00, ey and pọ both approach 


the value 
Sa —a(1—A) 
mdm rn 


so that the economy at t=O remains at 
purchasing power parity, albeit at higher 


°This is the portfolio “rebalancing” effect first 
analyzed by Lance Girton and Dale Henderson. 

10One might suspect from the above argument that 
the wealth elasticity of the demand for money is a 
crucial variable in determining initial period overshoot- 
ing or undershooting. This can in fact be easily demon- 
strated by using instead of (1) a money demand func- 
tion of the form: 


m, -P= -rnt ym- p) 


Where y is the wealth elasticity of the demand for 
money. With this demand function, it is straightfor- 
ward to show that the exchange rate depreciates a 
maximum amount and in fact overshoots if y =0; start- 
ing from y=0, for larger and larger values of y the 
amount of depreciation monotonically declines, becom- 
ing an undershoot at some y< I. 
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levels of e and p. Intuitively, as 8 becomes 
bigger, foreign exchange transactions are 
dominated by trade account considerations, 
and the market-clearing exchange rate must 
approximate that which equilibrates the 
trade balance alone. This is a theme which 
reappears in the analysis of intermediate-run 
dynamics. 

Finally, note that as A, which measures 
the speed of real wealth adjustment, be- 
comes larger, eọ and py move closer to e and 
P, in fact reaching @ and p when A=1. 


IV. Adjustments to Full Equilibrium: 
Intermediate-Run Dynamics 


This section analyzes the dynamic adjust- 
ment of e and p to full stock/flow equi- 
librium following the initial adjustment to 
(€b Po). The concern is how simple or com- 
plex is this adjustment phase, and what de- 
termines whether deviations from purchas- 
ing power parity are large or small. 

To pursue the analysis, difference equa- 
tions in e and p are derived as follows. First, 
by taking the first difference of the loga- 
rithm of (1), substituting B(e,—p,) for Af, 
and noting that, for t>0 Am and Aë are 
zero, the following difference equation is 
formed: 


B 


ENERE s A 
(19) ET Eim = 1+8 e,t 1+0% 


Second, using the wealth-adjustment equa- 
tion (5), and again substituting 8(e,—p,) for 
Af, and noting that Am=Aé for t>0, the 
following difference equation is also formed: 


(20) 


_ _ ~ACML+8+8)+ BE —a) . 
PP 1 +0+ B+ B01 —a) Bii 
—d(1—a)0(1+6+ B)+BO(1—a) 

—1+0+B+BO(1—«) alee 


where N is a constant. Equations (19) and 
(20) constitute a coupled system of first- 
order difference equations which can be 
shown to be everywhere stable. Insight into 
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FIGURE 2. PHASE DIAGRAM WITH POSITIVELY 
. SLOPED Ae=0 LINE 


their solution is obtained by studying their 
phase diagram in (e, p) space. 

First consider equation (19). Setting Ae, to 
zero, and solving for p, yields 


(21) e =P, 


This 45° line through the origin may be 
called the exchange equilibrium line, and it 
coincides with the trade balance equilibrium 
or purchasing power parity line. To the left 
` of this line, e, is rising, and to the right e, is 
falling. 

The price equilibrium line is found by 
setting AP, equal to zero in equation (20). 
Solving for P,_, yields — 


(22) Pi-1 F 


—A(1—a)6(1+0+ B)+ BAU —a) oN 

—\(1+0+8)+BA(1—a) ia 
where N’ is a constant. This line may be 
sloped positively or negatively. If positively 
sloped, however, its slope must be less than 
45°, since A,a,and @ are all fractions. The 
price equilibrium line also goes through the 
long-run equilibrium point (€, p). 

The phase diagrams are graphed in Fig- 
ures 2 and 3. Figure 2 presents the case 
where the slope of the price equilibrium line 
is positive, which occurs when £ is larger 
than A(1+6@+). Figure 3 presents the case 
where the Ap=0O line is negatively sloped. 


SEPTEMBER 1980 


p Ae=0, T=0 





é Gy Ê 


FIGURE 3. PHASE DIAGRAM WITH NEGATIVELY 
SLOPED Ap=0 Ling 


Each case permits somewhat different paths. 

One common aspect of the adjustment 
path is that it must cross the (Ae, =0, T=0) 
line at least once. Since the equilibrium value 
of f is a constant, we must begin and end 
with the same value of f. Surpluses in the 
trade balance must, at some point, be 
matched by deficits. Consider Figure 2. The 
exchange rate, following its instantaneous 
jump to ep, begins appreciating as the trade 
balance runs a surplus and the home country 
accumulates foreign bonds. Eventually, the 
path must cross the Ae, =0 line (in a vertical 
direction) and monotonically depreciate to 
its long-run equilibrium. Prices rise mono- 
tonically throughout the process. 

Now consider Figure 3. In addition to a 
simple appreciation and consequent depre- 
ciation to long-run equilibrium, there is now 
the possibility of cycling around the equi- 
librium point.’ 

Which of these two permissible dynamic 
paths occur depends critically on the size of 
B, which measures trade balance responsive- 


ll Niehans (1977) ‘also finds a possibility of cycling. 
Note that these dynamic patterns are also similar to 
those found in Niehans (1977) in that they have clock- 
wise rotation. The characteristics of the equilibrium 
lines, though, are considerably different than the corre- 
sponding lines in Niehans’ model, The differences ap- 
pear to result from the assumption of period-by-period 
asset market equilibrium (for given values of wealth) in 
the present model as opposed to the Niehans’ ne 
tion of lagged asset adjustment. 
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ness to relative price changes. There is al- 
ways a large enough value of 8 to make the 
price equilibrium line positively sloped, 
given values of À, ĝ}, and a. The economic 
intuition is similar to that which explains 
why a large 8 constrains e, and pọ to be 
close to the trade equilibrium line: if foreign 
exchange demands and/or supplies orig- 
inating from trade flow considerations dom- 
inate demands arising from capital flow de- 
cisions, relative prices will be more in line 
with ones which equate the trade balance to 
zero. Note that, as B—>oo, the adjustment 
path becomes the trade equilibrium line. 


YV. Concluding Comments 


Several points emerge from this analysis 
that cannot be understood or are not ade- 
quately emphasized in the context of the 
existing asset equilibrium models. First, the 
exchange rate is not determined solely in 
asset markets, nor solely in the foreign ex- 
change or commodity markets, but simulta- 
neously in all markets. While this in itself is 
perhaps well understood, the implications 
for exchange rate dynamics apparently are 
not. In particular, the characteristics of ex- 
change rate adjustment paths when relative 
price effects are incorporated along with 
conditions of portfolio balance differ sharply 
from those predicted by the existing asset 
equilibrium approach. Furthermore, one of 
the striking implications of -existing asset 
equilibrium models, that of initial over- 
shooting, is seen to be not a general result, 
but one closely tied to rather special as- 
sumptions. 

This analysis, of course, abstracts from 
many other presumably important consider- 
ations. One important omission has been 
noted in the text, that of a less than instan- 
taneous adjustment of trade flows to relative 
prices. Incorporation of this would un- 
doubtedly provide an alternative explana- 
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tion for overshooting. Another deficiency is 
the restricted menu of assets in this model. 
By incorporating at least domestic govern- 
ment debt, the door would be opened for an 
analysis of alternative money supply mecha- 
nisms. A closely related point is that by 
incorporating variable income, the question 
of optimal policymaking involving managed 
floating could be analyzed. Finally, the 
rather crude modelling of expectations could 
be amended to incorporate perfect foresight. 
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X-Inefficiency and Nonpecuniary Rewards in 
a Rent-Seeking Society: a Neglected Issue 
in the Property Rights Theory of the Firm 


By W. MARK CRAIN AND ASGHAR ZARDKOOHI* 


Several recent papers have stressed that 
opportunities to obtain monopoly profits will 
attract resources into efforts to obtain 
monopolies (see Gordon Tullock; Anne 
Krueger; Richard Posner). The major mes- 
sage of this literature is that traditional anal- 
ysis and empirical estimates of the welfare 
losses from monopoly (see Arnold Har- 
berger; David Schwartzman, 1960; David 
Kamerschen) may very substantially under- 
state the total magnitude of these losses. 
However, the behavior underlying the ten- 
dency for monopoly rents to be transform- 
ed into genuine social costs— “rent-seeking 
activity”— has additional relevance for anal- 
ysis of -public vs. private enterprise. The 
presence of rent-seeking behavior results in 
predictable and important differences in the 
conduct and performance of public vs. 
private enterprise that are unexplained by 
the present property rights theory of the 
firm. While distinctions between public and 
private enterprise have been raised in the 
property rights literature, there remains no 
unambiguous prediction that privately own- 
ed firms will perform differently than public 
firms in a number of industries.! Indeed, 
there are at least two often-cited arguments 
which predict (particularly for utilities) that 
the conduct of firms in-these two respective 


*Visiting assistant professor of economics, Univer- 
sity of California-Los Angeles (on leave from Virginia 
Polytechnic Institute and State University), and Auburn 
University, respectively. We are grateful to James 
Buchanan, Harold Demsetz, Jack Hirshleifer, Albert 
Link, Robert Tollison, Gordon Tullock, participants at 
a workshop at the Hoover Institution, and an anony- 
mous referee for comments on. earlier drafts. Partial 
financial support for Crain’s research time was pro- 
vided by the Center for Study of Public Choice, Virginia 
Polytechnic Institute and State University. 

'For two summaries of the property rights literature 
and empirical tests, see Eirik Furubotn and Svetozar 
Pejovich and our paper. 


ownership categories will be similar. In this 
paper we argue that the bases of these ap- 
parent similarities between public and 
private enterprise are inapplicable in a rent- 
seeking environment, and that the introduc- 
tion of this framework enhances the ex- 
planatory power of the property rights ap- 
proach. 

In Section I we. briefly review the key 
arguments and offer in Section II an alter- 
native characterization of public vs. pri- 
vate firm behavior in a world of rent seek-` 
ing. In light of the implications of our analy- 
sis, Section III offers two types of empirical 
evidence. on the contrasting incentives in 
public vs. private utilities. Specifically, we 
first compare the respective rewards struc- 
tures for managers in publicly and privately 
owned water utilities in the United States. 


’ Second, we examine the impact of efficiency 
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in private utility operation on rates of return 
subsequently allowed in formal rate hear- 
ings, under differing rent-seeking environ- 
ments. Finally, Section IV offers some con- 
cluding remarks and discusses the relevance 
of our analysis for the welfare costs of mo- 
nopoly. 


I. The Managers of Utilities and the Utility 
of Managers 


Modern treatments of enterprise opera- 
tion and efficiency have given special 
emphasis to the internal cost-reward ar- 
rangements facing decision makers. While 
important conceptual differences pervade 
this literature, there are two basic lines of 
analysis which imply that managerial choices 
in publicly owned and privately owned utili- 
ties will not be much (if any) different. The 
first stresses the notion that all utilities— 
whether publicly or privately owned— 
generally operate in noncompetitive product 
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markets. The second stresses that the in- 
stitutional structure of utilities (for example, 
rate of return regulation) constrains owner 
access to, or personal use of, the pecuniary 
wealth of the enterprise. We briefly sum- 
marize these two arguments, 


A. X-Inefficiency 


The analytical tendency to treat all utility 
firms uniformly because of product market 
similarities traces to a seminal (although 
controversial) paper by Harvey Leibenstein 
(1966). The well-known X-inefficiency liter- 
ature stresses the role of competitively 
organized product markets as an important 
source of disciplinary pressure on firm con- 
duct and performance.* First, competition 
tends to eliminate high-cost producers, while 
the existence of monopoly power allows less 
efficient firms to remain in business. Sec- 
ond, competitive pressure squeezes profit to 
normal levels. This tends to bestir manage- 
ment and employees to put forth more ef- 
fort and to motivate managers to combine 
inputs more efficiently. The Leibenstein 
analytical heritage therefore emphasizes the 
implication that utilities, irrespective of 
ownership form, are uniformly afflicted with 
X-inefficiency (higher operating costs) due 
to the general lack of pervasive pressure 
from competition in the product market. 


B. Constraints on Pecuniary Wealth 


Property right arrangements that atten- 
‘uate owner access to the wealth of their 
enterprise (for example rate of return con- 
straints) lower the cost of non-wealth- 
maximizing behavior on the part, of man- 
agers. Gary Becker and Armen Alchian and 
Reuben Kessel offered the earliest form- 
ulations of this now familiar argument. In 
brief, this approach emphasizes that in in- 
stitutional settings where “wealth cannot be 
taken out of an organization in salaries or in 
other forms of personal pecuniary property, 


*Other papers which are pertinent to the develop- 
ment of the inefficiency argument include William 
Comanor and Leibenstein, Schwartzman (1973), 
Leibenstein (1973, 1975), and Walter Primeaux. 
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the terms of trade between, pecuniary wealth 
and nonpecuniary business-associated forms 
of satisfaction turn against the former” (Al- 
chian and Kessel, p. 586). Predictable dif- 
ferences should thus arise between competi- 
tive vs. monopolistic (or profit constrained) 
firms. However, since owner access to firm 
wealth is generally attenuated for all utili- 
ties (regardless of ownership form), this 
argument also implies that non-wealth- 
maximizing (non-cost-minimizing) conduct 
should pervade regulated privately owned, 
as well as publicly owned, utilities? ` 

In sum, while the utility-maximization ap- 
proach differs in important conceptual re- 
spects from the approach taken in the X- 
inefficiency literature, an important observ- 
able implication of the two frameworks does 
not. Namely, all utilities, whether regulated 
private monopolies or publicly owned, have 
reduced incentives to minimize their cost of 
operation. Enterprise performance should 
predictably stray away from cost minimiza- 
tion because, (i) in the utility-maximization 
approach, cost-increasing production deci- 


sions do not come at the expense of owner- 


3We reiterate that distinctions have been developed 
in the property rights literature that do lead to predict- 
able differences in public vs. private enterprise. For 
example, the high cost (if not the impossibility) of 
transferring ownership shares in publicly owned firms 
implies that owners have reduced incentives to monitor 
and to enforce cost-minimizing managerial behavior. 
See Alchian for the development and exposition of this 
point. He also stresses that the relatively greater diffu- 
sion of ownership shares, as in public enterprise, re- 
duces the concentration of rewards and costs, and 
hence the dependency of an individual’s wealth on his 
own efforts. These differences, however, are superceded 
in many industry settings (as argued in the text) in the 
presence of constraints on owner access to the wealth 
of private firms. 

4A recent paper by George Stigler (1976) on the 
existence of X-inefficiency illustrates the conceptual 
gap. Stigler’s message is essentially to stress the futility 
of the X-inefficiency concept for deriving welfare in- 
ferences. Managerial conduct which does not maximize 
the present value of an enterprise is not inefficient per 
se, but rather the efficient maximization of something 
else. (Robinson Crusoe, for instance, could never pro- 
duce “inefficiently.”) Stigler’s objections, however, ‘do 
not seem to be over the existence of non-wealth- 
maximizing behavior, but with the conceptual norm 
aw. Such behavior is inefficient, since it is implausible 
that managers are inefficient in maximizing their util- 


ity. 
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shareholder wealth, and (ii) in the X- 
inefficiency context, such decisions are not 
disciplined by pressures from alternative 
suppliers. 


H, The Relevance of Ownership Form in a 
Rent-Seeking Society 


Rent-seeking activity adds another ana- 
lytical dimension to the choice problem fac- 
ing managerial decision makers. Where 
potential monopolies (regulated or other- 
wise) are available to privately owned firms, 
resources devoted to appropriating these 
property rights are simply a form of “‘invest- 
ing” or bidding to acquire the monopoly 
rights. This bidding behavior would be af- 
fected, of course, by the expected payoff to 
the owners if such rights are obtained. 
Moreover, even where the current profits of 
a monopolist are explicitly regulated, for 
example, in private utilities, resources will 
be devoted to rate cases in seeking to in- 
fluence the allowable rates of return. In 
effect, non-cost-minimizing behavior in reg- 
ulated private utilities does come at the ex- 
pense of owner wealth—or more precisely, 
at the expense of the expected wealth of 
owners. Non-cost minimization reduces the 
amount of resources that private firms have 
to expend in efforts to acquire, protect, or 
improve their present monopoly status. 
Therefore, the much-cited Alchian-Kessel 
postulate is not appropriate in a rent-seeking 
context; “[I]f regulated monopolists are able 
to earn more than the permissible pecuniary 
rate of return, then ‘inefficiency’ is a free 
good, because the alternative to inefficiency 
is the same pecuniary income and no ‘inef- 
ficiency’ ” (p. 586). The opportunity cost of 
inefficiency is not zero, simply because the 
presence of potential monopoly profits 
creates an incentive to earn in excess of 
currently “permissible” pecuniary rates of 
return. Hence, nonpecuniary emoluments 
that enhance managerial utility will involve 
a tradeoff of owners’ wealth. Owners of 
private utilities therefore have an incentive 
to monitor and to enforce cost-minimizing 
behavior on the part of managers even when 
constraints on current pecuniary profits are 
imposed. 
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With respect to the X-inefficiency argu- 
ment, the rivalry to obtain monopoly pro- 
duction rights or efforts to raise regulated 
rates of return will exert competitive pres- 
sures—-even in settings where there is only a 
single supplier during the actual production 
period. Indeed, in the limit, only those firms 
which can (and do) operate at minimum 
cost will achieve monopoly power in the 
rent-seeking context. Potential or present 
suppliers who suffer from X-inefficiency 
would be at a comparative disadvantage in 
the rivalry to acquire or maintain monopoly 
status. X-inefficiency could therefore not 
survive long in a rent-seeking society. 

The potential to acquire, to protect, or to 
improve monopoly status thus gives impor- 
tance to all pecuniary returns of privately 
owned enterprise, regulated or otherwise. On 
the other hand, the absence of rent-seeking 
opportunities in publicly owned firms means 
that the opportunity cost of inefficiency is 
comparatively lower. And while we have 
thus far developed this inference in the con- 
text of public vs. private utilities, it has 
broader applicability. For example, Alchian 
and Kessel argue that all monopolies are 
subject to constraints on pecuniary returns 
and, hence, that the distinction between ex- 
plicitly regulated monopolies and unregu- 
lated private monopolies is a false one. If 
the profits in a private monopoly are large, 
it faces the threat of public policy sanctions 
or antitrust action. Alchian and Kessel argue 
that the potential for profit “regulation” of 
the antitrust variety creates roughly the same 
incentive structure in “unregulated” private 
monopolies as in monopolies (such as utili- 
ties) with explicit rate of return limitations. 

Our analysis also suggests that privately 
owned monopolies, regulated or otherwise, 
will have roughly the same incentives, that 
is, rent-seeking activity is not unique to ex- 
plicitly regulated private enterprise. For ex- 
ample, unregulated private monopolies can 
expend resources to influence public policy 
by supporting political candidates sym- 
pathetic to their company’s interests, by 
swaying the determinants or outcomes of 
antitrust activity, or by influencing passage 
of legislation which protects their monopoly 
from potential entrants. Thus, in all privately 
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owned monopolistic enterprises there is a 
potential return on resources expended to 
obtain or to protect monopoly profits, and 
this return represents the opportunity value 
of non-cost-minimizing operations. 

In sum, the existence of rent-seeking pro- 
vides an additional analytical basis for pre- 
dicting differences in the behavior of public 
vs. private enterprise, even when both types 
of firms face similar product market condi- 
tions and/or restraints on “permissible” 
pecuniary profits. Rent-seeking activity pro- 
vides a mechanism whereby monopoly nghts 
will be allocated to those privately owned 
firms that can (and do) use them most 
“profitably,” even where pecuniary con- 
straints on owner wealth are ostensibly im- 
posed during a current production period. 
This implies that the most productively effi- 
cient (least-cost) firms will acquire ‘control 
of private monopoly rights through the al- 
locative mechanism of rent seeking. While 
this mechanism tends to insure least-cost 
producers in the private sector—regulated 
or otherwise—the gain in production ef- 
ficiency is offset by the welfare costs due to 
resources expended in the rent-seeking pro- 
cess, as stressed by Tullock, Krueger, and 
Posner. We return to this discussion of the 
net impact of rent seeking on the social 
costs of monopoly in the concluding section, 
but it is first appropriate to offer some evi- 
dence on our basic point—that rent-seeking 
activity is an important source of distinction 
between public and private enterprise. 


HI. Empirical Evidence 


Differences in public and private enter- 
prise have been observed empirically in 
several prior studies, although in many cases 
the theoretical underpinnings of these dif- 
ferences have been incorrectly specified. We 
offer some additional evidence on the dif- 


ferential incentive structures in privately . 


regulated vs. publicly owned firms that is 


5For examples and discussion of the theoretical mis- 
specification in previous empirical tests, see our paper, 
Crain and Robert Tollison, (1978); Louis DeAlessi, 
David Davies (1971; 1977), and Edwin Fugii and John 
Trapani. 
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implied by our analytical framework. Spe- 
cifically, we first examine the hypothesis 
that owners in private firms (even though 
subject to state regulation) have greater in- 
centives to induce cost minimization by 
managers than their counterparts in public 
firms. Second, we compare the relationship 
between private firm efficiency and subse- 
quently allowed rates of return under two 
different legal settings which would affect 
the feasibility (i.e. costs) of rent-seeking be- 
havior. 


A. 

One type of incentive mechanism which 
has observable merit is the extent to which 
managers are residual claimants to efficient 
(present-value-maximizing) performance of 
the enterprise (see Alchian and Harold 
Demsetz). In settings where owners have 
strong incentives to generate cost-. 
minimizing managerial conduct, we would 
expect the reward structure to be such that 
managers can capture or internalize directly 
portions of the gains of achieving this objec- 
tive. Thus, we would predict that where 
there are strong pressures from owners to 
minimize operating costs, managerial com- 
pensation would be tied to the performance 
of this goal. 

A model to examine and compare the 
residual claimant mechanism in private vs. 
public firms is specified as follows: 


(1) in{ = =B,0n( +} 


Z R; 
+B,m( $+) +Bsin{ Ži +k; 


i ti 


where Y,=a proxy for total managerial 
compensation 


Data are not directly available on decision makers’ 
incomes in our sample of water utilities. We chose 
administration cost in each firm as a proxy for 
managerial compensation. Administration cost for 
water utilities in the. United States consists of ap- 
proximately 70 percent managerial salary and about 30 
percent office expenses such as secretarial salary and 
fringe benefits to managers such as travel expenses, etc. 
(The information was obtained from Mr. Craft of the 
American Water Works Association, Denver, Col- 
orado.) Since managerial compensation could vary 
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A,= total book value of the assets of 
firm i, net of depreciation’ 

C,= average total operating costs of 
firm i, including maintenance, 
wages, and depreciaticn® 

R, =total sales revenues of firm i? 

p;=a random disturbance term 

This is the basic form of the model that we 
employ to examine the determmants of 
managerial compensation within a given 
type of enterprise. It follows the statistical 
procedure used by Wilbur Lewellen and 
Blaine Huntsman.’ In order to make a sta- 
tistical comparison of the incentive struc- 
tures between public vs. ee firms, we 
introduce a dummy variable, D., into equa- 
tion (1) which is equal to unity if firm i is 
privately owned, and equal to zero if firm i 
is publicly owned. The D, is used to check 
for both shifts and qualitative interaction 
effects with the other exogenous variables as 


across firms for reasons such as differences in the cost 
of living in each city, we weight the compensation 
variable for each firm by the cost-of-living index for 
the area in which the firm is located. The weighting 
factor for each firm was derived using total expendi- 
tures (budget) of a “high-income” family of four on a 
“typical” market-basket of goods in the cost of living in 
each area where a firm is located. The data on the cost 
of living were obtained from U.S. Department of Labor, 
Table 30, pp. 276-77, 

7Net book value was obtained from American Water 
Works Association, 

SAverage operating cost was determined by dividing 
total cost (including operating maintenance and depre- 
ciation costs) by the amount of water served to residen- 
tial, commercial and industrial users. (See American 
Water Works Association.) Since a big portion of total 
cost is wages, and wages conceivably vary with the 
cost-of-living index, we weigh the average cost by the 
cost-of-living index as explained in fn. 6 abave. 

*Total.sales revenues are the total receipts of each 
utility weighted by the cost-of-living index, as discussed 
in fn. 6. (See American Water Works Association.) 

10 Following Lewellen and Huntsman we divide each 
of the variables in equation (1) by assets Ai (the proxy 
for firm size) in order to eliminate problems of multi- 
collinearity and heteroskedasticity. While Lewellen and 
Huntsman included measures of firm profitability in 
their empirical model of the determinants of managerial 
compensation, profitability is obviously not a useful 
parameter in our examination of publicly owned firms. 
Thus, our measure of operating costs Ci is substituted 
for profitability measures in order to check for the 
cost-minimizing determinant of managerial compensa- 
tion. 
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specified in 


(2) in 2) = Ba++ S| 


R; C; 
+ Byn{ = A, a) +B, m| $) 


R; 
+ B,D, nf = ‘ep +B; 


A; 


The results of estimating equation (2) using 
1976 data on sixty public and fifty private 
water utilities are presented in equation (3). 
The T-ratios are in parentheses. 


Y, I 
(3) mZ) o 0.29 n( 4 
Ai] (3.26) \4i 
R. 
— 0.01 nf S) + 0.78 in} 
(—0.11) \4i/ (9.85) \4i 


“(- 043,042 (2) 
(3; 


R; 
- 0.03 D, | 1.53 D, 
(—0.23) |” |- (—2.70) 
No. observed=110; R*=0.974; Fog 04) = 


662.23. 

The findings iesenii in equation (3) 
indicate that in the privately owned firms 
managerial compensation is negatively and 
significantly related to operating costs. The 
estimated coefficient on C,/A, for the sam- 
ple of private water utilities is significant at 
the .01 level. On the other hand, we observe 
no statistically significant relationship be- 
tween operating costs and compensation for 
publically owned firms.. Managerial re- 
numeration in both types of water utilities 
does appear to be affected systematically by 
firm revenues. The estimated coefficient for 
R,/A, is positive and significant at the .01 
level. There does not appear to be any dif- 
ference in this relationship across the two 


VOL. 70 NO. 4 


types of firms, since the coefficient on 
D,{In(R,/A,)] is not significant.” 

This set of empirical results offers addi- 
tional evidence on the different underlying 
conduct in public vs. private enterprise, even 
in an institutional setting where pecuniary 
profits in the private firms are constrained. 
The observable incentive structure facing 
managers in the private water utilities is one 
that rewards cost-minimizing behavior with 
higher managerial compensation packages. 
This is precisely the opposite type of incen- 
tive mechanism we would expect if owners 
did not want their enterprise to appear “too” 
profitable. Reward structures that induce 
cost-minimizing managerial behavior sug- 
gest that owners are indeed concerned about 
maximizing pecuniary returns, even though 
their access to current period profits are 
attenuated. Such returns in excess of current 
permissible rates may be useful in protecting 
or subsequently raising the permissible rates. 


B. 


The second type of empirical evidence 
that we offer concerns the relationship be- 
tween operating efficiency in privately 
owned utilities and rates of return subse- 
quently allowed by regulatory commissions 
in formal rate hearings. More specifically, 
we seek to examine further the pay off to 
regulated private firms (in terms of increases 
in allowed rates of return) from efficient 
performance. Our analysis suggests that 
private firms will have an incentive to oper- 
ate efficiently in order to have more re- 
sources to devote to rent-seeking activity if 
these resources have a positive impact on 
future profits. In the specific context of rate- 
of-return regulatory settings, this implies that 
we should observe greater firm efficiency to 
be related positively to increases in allowed 
rates of return.” 


‘The relationship between a manager’s compensa- 
tion and the value of the wealth affected by his deci- 
sions is discussed in Alchian and William Allen (pp. 
400, 795) and Crain and Tollison. 

2In his study of regulation of gas and electric 
industries in New York, Paul Joskow finds tentative 
support for the hypothesis that “highly efficient firms 
are treated somewhat better by the commission once 
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We offer some additional evidence on the 
connection between firm efficiency and sub- 
sequent increases in allowed rates of return 
under two different policy settings. In some 
states the regulatory commissions permit 
regulated firms to make political contribu- 
tions, to pay dues to trade associations for 
lobbying purposes, and/or to make ex- 
penditures for public relations in the rate- 
making process. In other states, however, 
the commissions have adopted policies that 
strictly disallow such activities directed at 
influencing the rate-making process by regu- 
lated firms (see U.S. Congress, p. 33). 

We would thus expect the link between 
operating efficiency and the outcome of rate 
hearings to be more pronounced in those 
states where such expenditures are an 
accepted policy of regulatory commissions. 
This is not to say that rent-seeking expendi- 
tures will be eliminated in states where the 
commission does not legally allow regulated 
firms to devote resources for the purpose of 
influencing rate making. However, when 
these expenditures are illegal their preva- 
lence should be deterred simply because of 
the added risk of sanctions or punishment. 

The empirical model employed to ex- 
amine these relationships is specified as fol- 
lows: 


(4) In(AR,)=b)+b,In(E,) +b,D,in(E,) 
+b, lIn( PC,)+b,D,+ p; 


where AR,=the difference between the old 
rate (i.e. for the test year) and the new 
allowed rate of return granted by the regula- 
tory commission to firm i; E;=proxy for 
efficiency in firm i during the test year, 
defined as the amount of net revenue, 
weighted by the permissible rates of return 
in effect during the test year, per dollar 
value of firm assets; PC,=a proxy for pro- 
jected cost in firm i, defined as the projected 





they enter the formal hearing process” (p. 641). Joskow, 
however, does not elaborate on the rationale underly- 
ing this observation. Moreover, his, empirical measure 
of efficiency takes the form of an all-or-none dichot- 
omy which is determined by the regulatory commis- 
sion’s subjective commendation of a particular utility’s 
service. 
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operating cost per dollar of “weighted” pro- 
jected revenue. The weights are in terms of 
the new allowed rate of return. This weight- 
ing scheme is used because projected reve- 
nue in firm i is affected by the new allowed 
rate. The variable is used to control for the 
effect of expected differential increases in 
costs across firms; D,=a binary variable 
which is equal to unity if firm 7 is allowed to 
make political expenditures in the rate mak- 
ing process and equal to zero otherwise; and 
` p;=a random disturbance term. 

We estimate the coefficients in equation 
(4) using data on thirty-four rate cases heard 
by State Regulatory Commissions for the 
two types of regulated water utilities in 
1974. The results of this estimation are 
presented as follows, f-ratios are in paren- 
theses: 


ae «385 mC 


+ 4.18 D.In(E,) 
(2.34) 


+ 0.94 In( PC,) + 20.5(D,) 
(2.53) (2.39) 


No. observed =34; R?=0.365; F4 39 = 4.17. 

The regression is significant at the .01 
level, and the model “explains” roughly 36 
percent of the variation in. rates of return 
increases for the cross section of water utili- 
ties in 1974. The coefficient for the binary 
variable D, is positive and significant at the 
.05 level, which supports the hypothesis that 
utilities experience greater increases in their 
allowed rates of return when rent-seeking 
expenditures are permitted by the State 
Regulatory Commissions. The coefficient on 
efficiency in states where utilities are allowed 
to make political expenditures in the rate- 
making process is positive and significant 
at the .05 level. This finding also offers 
evidence that greater operating efficiency 


3The sources of the data on utility operations and 
allowed rates of return is National Association of Reg- 
ulatory Utility Commissioners (1975; 1976). The data 
for the commission policies regarding expenditures vis- 
a-vis the ratemaking process is U.S. Congress. 
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increases the amount of funds which may be 
used to influence the outcome of formal rate 
hearings. For example, such funds could 
simply be used to hire better lawyers or 
more expert consultants. Finally, the coeffi- 
cient on the variable controlling for expected 
cost increases PC, is positive and significant 
at the .02 level. 

As a final type of evidence on this point, 
we compare: the mean of the differences 
between old rates of return (in the test year) 
and the rates of return granted by State 


' Regulatory Commissions in 1974, The mean 


increase granted to utilities in states where 
the commissions’s policy facilitates rent- 
seeking expenditures (i.e., where utilities are 
allowed to make political expenditures in 
the rate-making process) is 4.19 percent, and 
the mean increase in states that have adopted 
policies that inhibit rent-seeking expendi- 
tures is 2.53 percent. We can reject the 
hypothesis that these two means are equal at 
the .05 level in favor of the alternative hy- 
pothesis that rate increases are higher in 
those states with the former type of policy 
setting. This result offers additional support 
for our argument that inefficiency is not a 
“free good” even in-rate-of-return regulated 
private utilities, because non-cost-mini- 
mizing behavior will predictably reduce the 
expected increases in rates of return. More- 
over, in policy settings that more openly 
permit rent-seeking expenditures by firms, 
the relationship between operating effi- 
ciency and subsequently allowed profits is 
of a greater magnitude. 


IV. Concluding Remarks: The Social Costs 
of Monopoly 


The major purpose of this paper has been 
to stress the relevance of rent-seeking activ- 
ity in expanding the predictive power of the 
property rights theory of the firm. The 
potential for private firms to influence their 
expected future profitability with rent- 
seeking expenditures means that observable 
differences should arise between public and 
private enterprise behavior even under ap- 
parently similar product market conditions. 
We note, however, that there is additional 
relevance for evaluating the social costs of 
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monopoly and regulation. First, we can pre- 
dict that what managers may lose in terms 
of less work effort (i.e., X-inefficiency) or 
nonpecuniary returns (ie. utility maximi- 
zation), political entrepreneurs may gain 
through rent-seeking activity. That is, one 


consequence of rent seeking is that owners 


have incentives to redistribute wealth to- 
ward those individuals with political power 
to grant monopoly status. At one level this 
effect only represents a redistribution of 


wealth from managers in the- private sector 


to those in the political sector. At a sec- 
ondary level, however, it trades one sort of 


inefficiency for another, which tends to rein- 


force the case put forward by Tullock, 
Krueger, and Posner that rent-seeking activ- 
ity represents a welfare cost from monopoly 
which exceeds the deadweight losses due to 
monopoly quantity restriction. Specifically, 
the incentive that we have described would 
tend to keep down production or “standard” 
operating costs in monopoly, which would 
consequently raise the level of rent-seeking 
expenditures above what they would be in 
the presence of X-inefficiency or non- 
pecuniary rewards. 
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Comparing Utility Functions in Efficiency 
Terms: Comment 


By DANA N. STEVENS AND JAMES E. FOSTER* 


In a recent note in this Review, Burton 
Weisbrod argues that in those cases where 
“consumption possibilities are not indepen- 
dent of preferences,” it may be possible to 
compare different “types” of utility func- 
tions on the basis of economic efficiency. 
Weisbrod suggests a “base reversal” test 
where 


...one type of utility function, and the 
expected consumption bundle it gener- 
ates, may be said to be preferred to 
another, and the expected consump- 
tion bundle it generates, if and only if 
(a) the two expected consumption. 
bundles are different and (b) the same 
consumption bundle is preferred no 
matter which utility function is used to 
evaluate the two bundles..[p. 993] 


This test may indeed yield binary rankings 
for different types of utility functions.’ Un- 
fortunately, these binary rankings may be 
cyclic if more than two types of utility func- 
tions are examined. While it is possible to 
compare utility functions by employing the 
Weisbrod test, such comparisons may have 
a limited usefulness for policy decisions. 

Let X be the set of all possible choice 
alternatives under consideration. For a par- 


ticular utility type U, only some of the pos- 


sible alternatives are actually feasible or at- 
tainable; the subset A of X comprises these 
elements. If the choice alternatives are con- 
sumption bundles, then consumption possi- 
bilities will depend upon the underlying type 


*Assistant professor of economics, New College, 
University of South Florida; and graduate student, 
Cornell University, respectively. 

lIn general, a type of utility function may be con- 
sidered any possible configuration, or m--tuple (R,,..., 
Ry), of individual preference orderings, irrespective of 
whether these orderings actually can be represented by 
real-valued utility functions. 
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of utility function.” To complete the model, 
let C be the relation which associates with 
each pair (U, A) the set of choice alterna- 
tives that can be expected to result from the 
existing economic and political choice pro- 
cesses. The general Weisbrod test may then 
be stated as follows: U is preferred to U’ if 
and only if, for all alternatives c in C(U, A) 
and all c’ in C(U’,A’), c Pc’ and c Pic’ for 
every individual i in society. 

Consider Table 1 in which three types of 
utility functions are compared. The set of 
possible alternatives is X={x, y,z}. In our 
example, a Type I utility function is clearly 
preferred to a Type II utility function, since 
in either case all individuals prefer the out- 
come y from adopting Type I to the out- 
come z from adopting Type II. Similarly, 
Type II is preferred to Type III. But Type 
III is preferred to Type I, generating a cyclic 
ranking. None of the three utility types can 
be considered unambiguously best. 

The possibility of a cyclic ranking does 
not by itself limit the usefulness of applying 
the Weisbrod test. After all, the Voting 
Paradox (from which our example is de- 
rived) is well known; yet no one suggests 
that democratic processes be revoked be- 


*Weisbrod considers shifts in the set of feasible 
alternatives to be related to the ability of some types of 
utility functions to “internalize” externalities without 
the overt expenditure of productive resources. How- 
ever, the phenomenon may be more common than 
Weisbrod suspects. For example, dropping the assump- 
tion of fixed factor supplies, the amount of labor sup- 
plied to the market may reflect different preferences for 
work and leisure. Different types of utility functions 
will generate different factor supply elasticities, thus 
affecting consumption possibilities. 

3The distinction between possible and feasible sets 
of alternatives is not needed if the choice process can 
be Pareto inefficient. With inefficient choice processes, 
the outcomes of our example can be associated directly 
with choice over X. In either case, the Weisbrod test 
yields a cyclic ranking. We are grateful to the referee 
for suggesting the possibility of inefficient choice. 
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TABLE! 
Utility Type . Feasible Set Choice Outcome 
U: For alli, xP; yP;z 1={y, 2} C(U,, Ay) = {y} 
Uy: For alli, y Pz Pix Ay = {2, x} C(Uy, Ay) = {2} 


Un: For all i, Z Pix Py 


cause of a possible cyclical majority. The 
difference is that the Voting Paradox is well 
known. It has been examined carefully, both 
in theory and in practice. We can recognize 
those preferences that are likely to generate 
the paradox. And we have some idea how to 
resolve the paradox if it arises in actual 
voting situations. j 


In contrast, we. know very little about the © 


“efficiency” properties of different utility 
types. We lack empirical data on the nature 
of the attainable sets associated with the 
various types of utility functions; we need 
information on how attainable sets will 
change when preferences’ are manipulated. 


Ayy = {x, V] 


CCU, Ay) = {x} 


We lack empirical data on the actual (non- - 
market) processes -of collective choice; we . 
must discover how the political system itself 
will be amended as a result of changing 
preferences. Lacking such empirical -sub- 
stance for the Weisbrod test, it seems pre- 
mature “to devote resources to shaping util- 
ity functions.” 


REFERENCE 
B. A. Weisbrod, “Comparing Utility Func- 


tions in Efficiency Terms,” Amer. Econ. 
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Comparing Utility Functions in Efficiency 
Terms: Reply 


- By BURTON A. WEISBROD* 


If utility functions can be compared in 
efficiency terms, as I argued is sometimes 
the case (see my earlier paper), it follows 
that there is a mew research area for 
economists to explore. To be sure, no ana- 
lytic perspective; no matter how useful it 
may be, is without problems. For example, 
as Dana Stevens and James Foster have 
correctly pointed out, the possibility (though 
not the certainty) of cyclic ranking of utility 
functions exists if more than two types are 
compared. Their comment is, I believe, in- 
tended not as criticism of the utility func- 
tion comparability perspective but as a call 
for more research; for example, on the ef- 


ficiency properties of various types of utility. 


functions, and on the responsiveness of at- 
tainable commodity sets to i a in pref- 


- €rences. 


The point is that there do exist research- 
able questions that are suggested as soon as 
we recognize the possibility of subjecting 
utility functions to analysis within a Pare- 
tian framework. Conventionally. such ques- 


*University of Wisconsin-Madison. 


tions have not been asked, partly because 
they were regarded as equity matters on 
which economists had little to. say norma- 
tively, and partly because the factors shap- 
ing utility functions have been regarded as 
lying outside the domain of economics. 

It certainly is premature to say that we 
now know enough to conclude that on ef- 
ficiency grounds alone, resources should— 
or should not —be devoted to shaping util- 
ity functions. Yet to entertain even the pos- 
sibility that one type of utility function can 
be “preferred” to another, and that -chang- 
ing such a function may be efficient, is to 
reach out in a bold new direction. Im- 
portant conceptual issues as well as vital 
public policy questions are at stake. 
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Bank Credit and the Labor-Managed Firm 


Comment 


By FRANK H. STEPHEN* 


The economics of the labor-managed firm 
is a field of study which has grown in prom- 
inence over the last twenty years. Important 
papers on this topic havé appeared in the 
Review, for example, by Benjamin Ward, 
Evsey Domar, Jaroslav Vanek (1969), and 
most recently by Erik Furubotn (1976). The 
earlier papers were concerned with model- 
ling the short-run decision process of such a 
firm and were clearly exploratory in nature. 
Furubotn’s paper, however, is concerned 
with long-run decision making and is possi- 
bly the high point of a series of papers 
presenting a critique of the property-rights 
structure implicit in one form’ of labor 
management. The contribution of Furubotn 
and his collaborator Svetozar Pejovich is 
sufficiently distinctive that, given their in- 
stitutional affiliations, they will be referred 
to below as the Texas School. 

In common with most of the writings of 
the Texas School, Furubotn presents a model 
of a labor-managed firm which has no re- 
course to credit to finance its purchases of 
productive assets. This is somewhat surpris- 


*Senior lecturer in economics, University of Strath- 
clyde, Glasgow. I would like to thank James Love for 
his comments on this note and the managing editor and 
referee of the Review for their comments on an earlier 
draft written while I was a visiting fellow at the Pro- 
gram on Participation and Labor-Managed Systems, 
Cornell University. The financial assistance of the 
Carnegie Trust for the Universities of Scotland and the 
British Academy are acknowledged. 

‘Although Furubotn’s paper is an analysis of what 
might be called the genus “labor management,” it deals 
exclusively with the Yugoslav species of that genus. 
Other speciés which exhibit different behavior are 
Mondragon (see Anne Johnson and William Whyte), 
the Scott-Bader Commonwealth (see Ernest Bader), 
and the theoretical model of Vanek (1970). It may also 
be useful to distinguish between “socialist” labor 
management (for example, the models of Furubotn and 
Vanek) where property is socially owned and “private” 
labor management (for example, the model of K. V. 
_ Berman and M. D. Berman) where individual members 
of the collective retain a private claim on the returns 
from investment. 
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ing since the school of writers who take 
their inspiration from the work of Vanek lay 
great emphasis on external financing. Fur- 
thermore the institutional framework im- 
plicit in Furubotn and explicit in most of 
the other papers from the Texas School is 
that of Yugoslavia which exhibits a very 
high degree of credit financing of invest- 
ment. To some extent this is explicable in 
that three papers which explicitly deal with 
the impact of credit finance (see Furubotn 
and Pejovich, pp. 280-81; Pejovich, Fur- 
ubotn, 1974) conclude that the availability 
of credit merely exacerbates the problems 
which arise in the self-financed case. This 
view may well be taking on the mantle of 
conventional wisdom in that it has been 
repeated by Branko Horvat, J. Michael 
Montias, and to some extent Laura Tyson, 
and one of the papers is itself from an 
important collection of essays in the field of 
comparative systems edited by Morris Born- 
stein. The objective of the present paper is 
to demonstrate that this conclusion is sub- 
ject to considerable qualification. 

The analysis leading to the Texas School’s 
conclusion on credit is as follows. They 
argue that the existence of bank credit 
reduces voluntary savings within enterprises 
and that consequently there will be a 
‘retardation of voluntary saving in an econ- 
omy composed solely of such firms. It will 
be presently argued that the former is not 
necessarily true, and that even when it is, 
the reduction in self-finance is less than the 
analysis of the Texas School suggests, and 
finally that any retardation of voluntary sav- 
ings arises from an unwillingness of the 
banking authorities to allow the rate of in- 
terest to be set by a competitive market 
process. 

In analyzing the consequences of the 
availability of credit, the Texas School em- 
ploys a rule of “credit first,” that is, a collec- 
tive will only self-finance investment if prof- 
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itable investments remain after all available 
credit has been exhausted. Furubotn states 
that this “rigid sequence is made provided 
certain assumptions are accepted” (1974, p. 
269). These assumptions are: (a) the mar- 
ginal product of capital falls monotonical- 
ly, (b) the supply of bank credit is infinite- 
ly elastic at the going rate, (c) the rate of 
interest is low enough relative to the return 
on capital to permit some positive borrow- 
ing, (d) the rate of time substitution of con- 
sumption increases steadily as current 
consumption is diminished, and (e) the col- 
lective is concerned exclusively with maxi- 
mizing a utility function whose only argu- 
ments are individual consumption in each 
period of the planning horizon. It can be 
demonstrated using Figure 1, which is 
adapted from Furubotn (1974), that the con- 
clusion regarding this “rigid sequence” is 
wrong. 

In this figure the horizontal axis measures 
levels of savings and investment undertaken 
by the collective with a specified planning 
horizon. It is assumed that all members of 
the collective have identical preferences and 
any distribution of income is egalitarian. 
The vertical axis measures the rate of inter- 
est paid on savings and the return from 
investment in physical assets. 

The JJ schedule represents the marginal 
efficiency of investment schedule for the 
enterprise and SS is the savings schedule for 
members of the collective when saving takes 
the form of deposits with the banking sys- 
tem. When internally financed investment 
takes place under the property-rights struc- 
ture assumed by the Texas School, the 
worker-managers lose all claim to the capital 
invested which they are obliged to maintain 
via compulsory depreciation payments. Thus 
the current income forgone can only be 
regained from the net return on such an 
investment. Consequently, internally financ- 
ed investment projects must yield a net return 
considerably higher than that offered on 
bank deposits for worker-managers to be 
indifferent between the two.” At a given rate 


7A fuller justification of this is given, for example, 
in Furubotn (1974, 1976), Furubotn and Pejovich, 
Pejovich, and Vanek (1971). 
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of interest on bank deposits (for example,i,), 
the required return on internally financed 
investment within the firm will be higher 
(for example, r*). When the bank deposit 
rate is i,, no corporate saving to finance 
investment will take place if the net return 
on it is below r*. For higher rates on bank 
deposits, correspondingly higher rates of re- 
turn on internally financed investment will 
be required for worker-managers to be in- 
different between the two forms of invest- 
ment. Thus with a bank deposit rate of i,, 
the supply of “corporate” savings to finance 
investment in physical assets is given by 
r*BS . The savings schedule of the collective 
shifts because the property-rights structure 
drives a wedge between the productivity of 
an asset to the firm and the return to the 
members of the firm. This is what Roger 
McCain has called the “Furubotn-Pejovich 
Effect.” 

If i, 1s the rate at which the collective may 
borrow funds, Furubotn’s “rigid sequence” 
would lead to investment of 0C of which 0G 
is borrowed and GC internally financed. 
The level of borrowing is given by the level 
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of investment on which the marginal return 
is i, (i.e., OG). The level of corporate saving 
and therefore internal finance is given by 
the investment, in excess of that financed 
through borrowing, whose marginal return 
lies between r* and i, (i.e, GC). The de- 
termination of the level of internally fi- 
nanced investment is equivalent to a right- 
ward shift of the corporate savings schedule 
(r* BS’) by the amount of borrowing under- 
taken. The corporate savings schedule when 
0G is borrowed is shown in the figure by 
B'MS”. 

Intuitively Furubotn’s sequence seems il- 
logical since it implies utilizing the resources 
with the higher opportunity cost (i,) in pref- 
erence to those with the lower (r*). Analyti- 
cally, in terms of Marshallian surpluses, 
Furubotn’s rule implies sacrificing the area 
r* BLi, in order to obtain the area B’P/. 
The latter cannot, under the assumptions 
made by Furubotn, be greater than the 
former. Thus the availability of credit will 
not substantially reduce the volume of self- 
finance—in the absence of credit the level 
of investment would have been OH. It would 


seem that Furubotn is led into this error by | 


a concern with maximizing the level of in- 
vestment. 

Thus far all that has been demonstrated is 
that the application of the seemingly more 
rational “cheapest source first” rule means 
that the introduction of credit reduces self- 
financing by a lesser extent than that sug- 
gested by the Texas School. However it is 
possible that circumstances will arise where 
no credit is taken up by an individual enter- 
prise even though the rate of interest is 
below the rate of return on some projects. If 
credit were available at the rate of i, in the 
figure, the cheapest source first rule would 
dictate that all investment should be self- 
financed. This would be the case whenever 
the rate of interest was greater than KH. It 
must therefore be concluded that the Texas 
School is wrong to assert that the availabil- 
ity of credit reduces self-finance. It would 
also be wrong to conclude that the availabil- 
ity of credit necessarily increases an enter- 
prise’s level of investment above its wholly 
self-financed level. 

The configuration of schedules in Figure 
1 does of course indicate that the level of 
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investment given labor management will be 
less than under private property rights. 
However, this is a matter of construction: if 
the savings schedules were such that SS 
intersected i, J to the left of J, when i, is the 
price of credit, then under both systems the 
level of investment would be 0G. In such a 
case the labor-managed firm would have a 
greater demand for credit. 

The application of what has been argued 
above to be the economically rational rule 
for evaluating credit by the labor-managed 
firm has results which are not really surpris- 
ing. The rule itself is derived from conven- 
tional financial theory and was utilized, 
for example, by Jack Hirschleifer. The anal- 
ysis still, however, indicates that the availa- 
bility of credit may reduce self-finance and 
the Texas School clearly feels that in an 
economy composed solely of labor-managed 
firms, the consequences are of more signifi- 
cance than under private property rights. 
They suggest that it results in “a tendency 
toward a general retardation of voluntary 
saving in the economy” (Furubotn and 
Pejovich, p. 282). This will only be so if the 
interest paid by the banks to their deposi- 
tors is insufficient to bring forth the level of 
savings necessary to meet the demand from 
potential borrowers, or if there is some other 
form of interference in the market for loan- 
able funds. The Texas School’s conclusion is 
a function of their assumptions about the 
workings of the banking system and not the 
property-rights structure. This may be valid 
for the particular case of Yugoslavia, but 


‘not for a generalized treatment such as ae 


of Furubotn’s paper. 
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Bank Credit and the Labor-Managed Firm: Reply 


By EIRIK G. FURUBOTN* 


Frank Stephen’s comment on the theoreti- 
cal views of the “Texas School” proceeds at 
two levels; he raises some general questions 
concerning the applicability of the property- 
rights approach to comparative economic 
analysis, and he attempts to show that cer- 
tain specific errors appear when the new 
theory is employed to explain the demand 
of the socialist labor-managed firm for bark 
credit. Both levels of criticism require re- 
sponse. Because of the limitations of space, 
however, it will be necessary to confine dis- 
cussion to the relatively well-defined techni- 
cal issues associated with the problem of 
bank credit. 

The argument that Yugoslav banking 
policy, rather than the property-righis struc- 
ture, explains the behavior of the labor- 
managed firm is developed by Stephen m 
terms of four analytical cases based on his 
Figure 1. Collectively, these cases are sup- 
posed to show that the Texas School is 
wrong in its conclusions about the collec- 
tive’s savings habits and use of bank credit. 
What must be determined, though, is 
whether the criticisms can themselves stand 
up to close analysis. 


I 


Stephen’s first two cases deal with the 
firm’s reaction to particular credit charges 
(i, and i,, respectively), given a savings bank 
rate of i, and certain other background as- 
sumptions.! The important thing to note is 
that these cases are special; they relate to 
circumstances in which the bank rate charg- 
ed for credit is set at an abnormally high 
level. In each of the illustrations, the cost of 


*Professor of economics, Texas A&M University. 

‘These assumptions do not accord completely with 
the Yugoslav institutional structure, see my forthcom- 
ing paper. The latter model considers the firm’s de- 
mand for bank credit under conditions in which the 
firm’s planning horizon is less than the period of the 
bank loan. 
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credit (i,,7,) is greater than the critical rate 
of return (7*) required for voluntary invest- 
ment in nonowned assets. But in what must 
be considered the typical situation under 
labor management, the bank rate is almost 
certain to be /ess than r*. Unless the collec- 
tive’s planning horizon (T) is very long (and 
the savings rate i, quite low), the adjustment 
for the property-rights structure must lead 
to a large value for the critical rate r* and, 
thus, r* is likely to be greater than any bank 
rate of interest (i) reflecting the general 
opportunity cost of capital.? The quantita- 
tive relations here are suggested by Table 1 
in which the values for r* are derived for 
various possible horizons (T) on the as- 
sumption that the rate i, paid on savings 
deposits (owned assets) is 5 percent. | 
If the firm’s effective planning horizon is 
ten years, the real rate of return (r*) that 
must hold in order for the collective to be 
willing to undertake self-financed invest- 
ment is about 13 percent. The assumptions 
of Stephen’s first two cases, of course, de- 
mand that the cost of credit be even higher. 
But interest rates of such magnitude would 
not be imposed unless the government were 
deliberately seeking to prevent the use of 
bank credit. In the more reasonable case 
illustrated in my Figure 1, the cost of credit 
i, is less than r*. Then, the firm will depend 
exclusively on bank credit for capital accu- 
mulation and total investment will be Ov. 
Obviously, the magnitudes of the parame- 
ters i, and T are crucial to the financial 
solution reached. The position of my paper 
is that while the rate paid on savings de- 


2Stephen’s first two cases have their best chance for 
occurrence when i, is low relative to the opportunity 
cost of capital and i, is high. In his fourth case how- 
ever, Stephen seems to argue that when labor manage- 
ment functions normally the savings bank rate (i,,) will 
equal the cost of credit (/,). But if this condition holds, 
his first and second cases will never appear. 

3Presumably, by one means or another, the govern- 
ment can always force firms to undertake some self- 
financed investment. 
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TABLE 1° 

T r° r** 

4 105. 108. 
5 23.1 25.0 
8 15.5 17.4 
10 12.9 14.9 

20 8.0 10.2 


“Shown in percent. 


posits may or may not be set at a relatively 
low level, the firm’s effective horizon is likely 
to be short. The reasons for the latter con- 
clusion can be sketched as follows. In con- 
sidering self-financed investment, workers 
must recognize that the firm’s policies are 
decided within the organization through 
‘some sort of democratic political process 
(see my 1976 paper). But, over time, the 
membership of the collective may change, 
and change in such a way as to produce new 
voting patterns, revised payoff policies, etc. 
Thus, to estimate his probable payments 
stream, a worker must estimate how long 
the existing political coalition controlling the 
firm will endure, and how long current 
policies will continue to be enforced. Given 
the uncertainties of firm dynamics, the per- 
ceived horizon is likely to be, at best, only 
moderately long. Moreover, even if no 
changes occur in the membership of the 
collective and the initial horizon (T,) is 
lengthy, all workers will age as time elapses 
and retirement is approached. Consequent- 
ly, at any cross section of time t, the effec- 
tive horizon (T,) is given by the formula: 
T,=T,-t,t=1,2,...,7,. Clearly T, does not 
have to be lengthy (see my 1979 paper). 
Despite the argument just presented, it is 
still conceivable that the expected horizon 
can be substantial (for example, T= 20). At 
the same time, Stephen is correct in assert- 
ing that the collective’s net income (inclu- 
sive of rents to worker-investors) is at a 
maximum when the rule “cheapest source 
first” is followed in financing the firm’s in- 
vestment. But do these facts imply that 
workers will never attempt to substitute bank 
credit for their own savings when, for exam- 
ple, i, >r*? The answer is no and the reason 
lies in the uncertainty surrounding reward 
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for self-financed investment. Workers who 
invest in the firm have no special legal claim 
on the firm’s revenues.* While the enterprise 
has a contractual obligation to repay a bank 
loan, it need never reward worker-investors 
with higher wages. Moreover, the longer the 
horizon, the greater the potential risk. Thus, 
if risk-averse workers wish to maximize ex- 
pected utility, they may find it expedient to 
forego self-finance and sacrifice some rent. 
In effect, “insurance” against a deficient 
income stream can be purchased. By using 
bank credit and maximizing the level of the 
firm’s investment, workers are able to pro- 
tect themselves against loss, preserve their 
industrial mobility, and achieve modest di- 
versification in their “investment portfolios” 
(see James Meade, pp. 426-27, and Jacques 
Dréze). 


H 


The third case presented by Stephen is 
designed to show that the property-rights 


4The calculation of r* is based on the assumption 
that all of the increased profit attributable to capital 
expansion will (with certainty) be paid out each period 
in the form of wage increases. If only a fraction of the 
productivity improvement is devoted to raises, the 
original calculation is, of course, compromised, 
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structure underlying socialist labor manage- 
ment exercises little independent effect on 
behavior and, in particular, does not prevent 
the labor-managed firm from undertaking 
as much investment as an orthodox capi- 
talist firm operating subject to private 
property nghts. In geometric terms, the case 
is based on an assumed shift of the savings 
schedule from S,S, to S,S, Gn my Figure 1). 
Properly interpreted, the shift implies that 
there will be no saving whatsoever by the 
workers of the labor-managed system. That 
is, if the savings bank rate remains at ij, (as 
tacitly suggested), investment in owned as- 
sets will be nil (ie. z>i,). At the same 
time, if the firm’s planning horizon does not 
lengthen significantly, the required rate for 
investment in nonowned assets must lie 
above i,; and hence, the firm will use bank 
credit exclusively to finance its investment 
volume of 0G. Stephen’s discussion seems to 
imply that self-financed investment will 
account for Ox dollars of the total invest- 
ment but this interpretation is wrong; the 
“uncorrected” savings schedule S, $, merely 
indicates the willingness of workers to save 
and invest in owned assets at different possi- 
ble rates of interest. 

The consequences of labor management 
just noted seem sufficiently distinctive to 
warrant attention. Certainly, it is misleading 
to say that the two systems of business 
organization produce the same results. In 
principle, the bank rate (j) under labor 
management can be adjusted so as to yield 
an investment solution that mimics the 
capitalist solution. But, for the case consid- 
ered, an important difference still remains: 
No savings are made by socialist work- 
ers and the labor-managed firm’s capital 
accumulation is financed entirely by bank 
credit. 


m 


The theme of the final case presented by 
Stephen is that retardation of voluntary sav- 
ing in a labor-managed economy will occur 
only if the interest rate paid by savings 
banks to their depositors is held at an artifi- 
cially low level, or if other interference with 
the “capital market” exists. On this interpre- 
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tation, the property-rights structure plays no 
role in the problem of retardation. The 
argument here is, in fact, an extension of 
Stephen’s third case and can be explained as 
follows. Assume that, in Figure 1, S,S, in- 
tersects JI at point J. Assume further that 
the rate i, now has a dual meaning; it repre- 
sents both the reward paid on savings de- 
posits (owned assets) and the going rate 
charged for bank credit. Since the return on 
owned assets has been raised from i, to the 
higher level of i,, the minimum required rate 
of return on nonowned assets, say r**, must 
be correspondingly higher. My Table 1 sug- 
gests how this conversion is made when the 
savings bank rate goes from 5 to 8 percent. 
In general, once corrections have been made 
and the new savings schedule r**B’S,’ has 
been established, the collective’s attitude to- 
ward self-financed investment can be under- 
stood. Conditions are such that the cost of 
credit i, is less than the critical rate r**. 
Thus, given freedom, the firm will use only 
bank credit to finance its investment (0G). 
The situation is interesting because, if 7, is 
allowed to float up to i,, the cost of credit 
will lie below the critical rate no matter 
what the length of the collective’s planning 
horizon.’ 

Effectively, then, self-financed investment 
in the labor-managed firm is ruled out if it is 
required that the savings bank rate be 
brought into equality with the commercial 
bank rate. It also follows, of course, that if 
this arrangement of interest rates is regarded 
as normal and appropriate for labor man- 
agement, Stephen’s first and second cases 
lose all practical significance. Bank financ- 
ing of investment is not merely important, it 
is universal. 

The preceding analysis may seem puz- 
zling because, given my assumptions, the 
amount workers save (0G) is precisely equal 
to the amount the firm invests. But this 
equality does not mean that the firm’s 
investment is truly “self-financed.” The 
terms of the respective financial transactions 
have to be kept in mind. Workers save 0G 


“As long as the collective’s horizon is finite, as it 
must be under the institutional structure assumed, the 
condition r** >i, holds. 
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and invest in owned assets; in effect, they 
have a legal agreement with a savings bank 
by which they receive a definite rate of 
interest (i,) on their deposits and have the 
freedom to withdraw principal and interest 
at any time. On the other side, the firm, as 
such, undertakes a contractual obligation to 
a commercial bank to repay the investment 
loan in accordance with some established 
schedule. What must be recognized here is 
that, under the conditions of Stephen’s 
fourth case, incentives are such as to dis- 
suade workers from investing in nonowned 
assets. Indeed, workers are completely cut 
off from “equity” investment, 

Ceteris paribus, it is this limitation on 
investment choice that diminishes the gen- 
eral willingness of individuals to save in a 
labor-managed economy. From the stand- 
point of any decision maker, legal invest- 
ment alternatives promising higher rewards 
than the fixed rate of interest paid on sav- 
ings deposits (i,) are not available even if 
the individual wishes to take substantial 
risks.° A varied array of financial instru- 
ments is lacking and no comprehensive sys- 
tem of differentiated capital markets exists. 
Thus, relative to the situation under capita- 
lism, it is more difficult to mobilize voluntary 
savings. It is also true that as long as bank 
financing of investment is, de facto, the only 
method used, workers will find it harder to 
see the connection between personal saving 
and the progress of their own firm. Saving 
wili not seem to be a necessary precondition 
to capital formation and jobs. Indeed, if 
bank loans are forthcoming,’ workers can 
seem to have the best of both worlds; they 


Each worker, of course, takes certain risks by virtue 
of his membership in a labor-managed firm. He par- 
ticipates in the firm’s residual in accordance with defi- 
nite rules laid down by the collective (for example 
equal sharing). (See Ekkehart Schlicht and C. C. von 
Weizsacker and Michael Jensen and William Meckling.) 
The individual also has the option of investing in 
human capital. 

TIn theory, the banking system is supposed to coor- 
dinate the savings and investment decisions of the 
system and channel the savings made by workers (in 
the savings banks) to the firms via loans. If voluntary 
savings are modest, however, it seems likely that the 
government will react by putting excessive credit into 
the system, thus generating inflation. 
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can share in any residual their firm makes 
and, at the same time, avoid sacrificing con- 
sumption or risking their own funds in non- 
owned investment. Under these general cir- 
cumstances, then, the position of the savings 
schedule in a labor-managed system is likely 
to be to the left of its capitalist counterpart. 
The point is important because what we are 
concerned with in the analysis is not just 
movement up and down a given savings 
schedule (as Stephen’s discussion suggests) 
but the relative position of the schedule. 

The implications of this line of discussion 
are clear. Not only is retardation of volun- 
tary saving likely to occur in a labor- 
managed system, but the explanation of the 
phenomenon is found in the property-rights 
structure extant. Moreover, it is this same 
property structure that accounts for freely 
chosen financial plans that exclude com- 
pletely, or severely limit, self-financed in- 
vestment by the collective. There is no 
doubt that troublesome questions still re- 
main concerning the best method for financ- 
ing the labor-managed firmë (see Dréze, and 
Schlicht and von Weizsäcker); nevertheless, 
it would seem that property-rights analysis 
must play a role in the development of any 
improved theory. : 


SSince all true labormanaged systems share certain 
common characteristics, similar forms of property-rights 
analysis are useful in considering the problems of labor- 
management in the socialist setting (see my 1976 paper) 
and the capitalist setting (see my 1978 paper). 
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Income, Labor Supply, and Urban Residence 


By JOHN S. HEKMAN* 


The framework for urban spatial models 
as developed in the last twenty years con- 
tains two main features: access and bid rent. 
In a recent article in this Review, William 
Wheaton (1977b) has done serious damage 


to this framework by concluding that the — 


long-run spatial equilibrium theory derived 
from bid rent “contributes little to the ex- 
planation of American location-income pat- 
terns” (p. 631). He finds that the theory 
developed by William Alonso, Richard 
Muth, and others produces a very weak 
tendency for middle- and upper-income 
families to live at a greater distance than 
poor families from the central business dis- 
trict (CBD). The purpose of this note is 
to argue that the Alonso-Muth theory 
is an important tool in understanding urban 
structure if account is taken of one previ- 
ously ignored factor-—-that the labor force 
participation of married women varies 
dramatically and inversely with the income 
of their husbands. Middle- and lower- 
income households have more of their mem- 
bers in the labor force, and this pulls these 
groups closer to the CBD. | 

Muth and Wheaton have noted that there 
is only a weak relationship empirically be- 
tween median family income and distance 
from the CBD. Muth (p. 263) found that 
income ‘did not increase with distance on 
the South Side of Chicago when the age of 
the housing stock was included in the re- 
gression. This gives more support to the 
filtering model of urban structure than to 
Muth’s analysis.' Wheaton (1977b) finds that 
bid-rent schedules decrease very little in 


*Boston College. I received a great deal of helpful 
criticism on this paper from Christine Hekman, Marvin 
Kraus, John Meyer, and Joseph Quinn. Financial sup- 
port for this research was provided by the Harvard- 
M.LT. Joint Center for Urban Studies. 


HI am indebted to John Meyer for valuable help in | 


pointing out some of the implications of Muth’s empiri- 
cal results. 
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slope as income increases, thus producing a 
very weak tendency for higher-income 
households to live farther out. 

The models underlying the analyses of 
Wheaton and Muth rely on the simplifying 
assumption of a one-worker household. A 
caveat is usually stated regarding the effect 
of multiple-worker households (see Muth, p. 
41; Wheaton, 1977a, p. 206). Others have 
looked at the two-worker household but have 
not made the connection between working 
wives and husbands’ incomes (see Walter 
Oi; Michelle White; Oded Hochman and 
Haim Ofek), although this connection was 
noted some time ago in the labor economics 
literature (see Glen Cain). The fact that 
wives’ labor ‘supply is a major factor in the 
urban labor force is illustrated by Table 1. 
The participation rates of married women, 
husband present, decline with husband’s in- 
come in almost every category, except the 
numerically unimportant case of husbands 
who earned under $3,000. In most cate- 
gories the rates at the $3,000—6,000 level are 
double or more the rates for the over $15,000 
level. However, participation rates also dif- 
fer quite a bit by age, both because of life 
cycle effects such as schooling and child- 
bearing, and because of the pronounced 
time trend of wives’ participation, shown 
in Table 2. Younger labor force members 
have made different decisions regarding 
careers and investment in human capital, 
which argues for treating them separately 
from older workers. 

The participation of married women in 
the labor force has been increasing steadily 
for about a century. This coincides with 
Wheaton’s observation on the timing of the 
movement of upper-income groups to the 
suburbs, which, he says, “has been evolving 
gradually ever since the streetcar suburbs of 
the late nineteenth century” (1977b, p. 620). 
Thus the changing characteristics of the 
labor force have accompanied the changing 
location of households by income. 
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TABLE 1— FULL-TIME LABOR Force PARTICIPATION RATES OF MARRIED WOMEN, 
HUSBAND PRESENT, BY AGE OF WOMAN AND HUSBAND’S INCOME, 1970 ° 


Husband’s Income 


Age of Under $3,000- $6,060- $10,000- Over 
Wife $3,000 5,999 9,999 14,999 $15,000 
I. Central Cities of SMSAs 
16-21 .296 300 309 .250 134 
22-24 .431 .371 336 268 250 
25-34 .340 328 288 195 134 
35-44 .350 368 343 251 152 
45-64 304 346 325 267 177 
' II. Other Urban 
16-21 272 277 290 241 181 
22-24 415 369 306 .229 201 
25-34 305 317 258 152 094 
35-44 331 .390 327 22d 125 
45-64 .296 358 329 .264 168 


Source: See U.S. Bureau of the Census, Employment Status and the Work Experience, Table 16. 


TABLE 2-—-F EMALE LABOR FORCE PARTICIPATION RATES 
BY MARITAL STATUS, 1890-1970 


> 16-Years Old 
1890 1900 1910 1920 

(1) (2) (3) (4) 

Total 18.9 20.6 25.4 23.7 
Married 4.6 5.6 10.7 9.0 
Single 40.5 43.5 51.1 46.4 


> 15-Years Old 
1930 1940 1950 1960 1970 
(5) © g (8) (9) 
24.8 25.8 29.0 34.5 42.6 
11.7 13.8 21.6 30.7 40.8 
50.5 45.5 46.3 42.9 53.0 


Sources: Various U.S. Censuses. This table is adapted from Claudia Goldin. 
a The 1910 labor force figures are too high relative to those for other years because the Census reported certain 
women employed in agriculture as in the labor force rather than at home. 


The inclusion of labor supply effects in 
the bid-rent analysis alters Wheaton’s con- 
clusion in that there is an additional income 
effect to be calculated. In the Alonso-Muth 
approach, Wheaton says, “If land is more 
income elastic than total marginal travel 
costs (MCT), then greater income reduces 
the slope of the bid price gradient, suggest- 
ing that the wealthy will live further from 
the center” (1977b, p. 622). Wheaton’s con- 
dition for the wealthy to live farther out is 
basically the same as those of Muth (p. 30) 
and Edwin Mills (p. 87) except for the treat- 
ment of travel costs. Wheaton, following 
Alonso, includes the disutility of travel in 
‘the utility function, while Muth treats the 
cost of travel as lost leisure time. It is worth 
noting here that Muth’s analysis is in error 
in one respect. The utility function he uses 


contains q, the quantity of housing services, 
and x, which is “all commodities except 
housing and transportation but including 
leisure” (thus the variable y called income 
by Muth also includes the value of leisure 
time). The price of x is normalized at p,=1 
and the price of housing services is p. Muth 
goes on to derive first-order conditions for 
spatial equilibrium; he then examines the 
effect of a change in income on this 
equilibrium. However, a change in wage in- 
come will violate the normalizing restriction 
P,=1, since x includes leisure time, valued 
at the wage rate. There will be substitution 
of goods, including housing, for leisure, and 
this is not included in Muth’s derivation of 
the income-distance relationship. The ef- 
fects of the value of time in this context 
have been worked out by Hochman and 
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Ofek; in addition, Mills manages to avoid 
making Muth’s mistake and still obtains the 
same equilibrium condition. 

Muth’s analysis can be amended rather 
easily to take account of family labor supply. 
Let the utility function be written as 


(1) U=U(x,q, lp, lm) 


where the Zs are the leisure time of the wife 
and husband, respectively, and x is all com- 
modities except housing and transportation. 
To this must be added time constraints for 
the husband and wife, and an income con- 
straint, where y is earnings alone: 


(2) Lytlhnt bk=H 
L;+l;+g(L;)k=H 
Y =Wp Lmt wL, 


=x+p(k)q+T(k, L,) 


Here H is total hours available for work, 
commuting and leisure; k is distance from 
the CBD in miles; L is hours spent working; 
and T ( ) is the money cost of commuting. 
The husband is assumed to make a fixed 
number of work trips and to have a fixed 
per mile time cost of travel, b. For wives 
there is far more variation in days, hours, 
and weeks worked; g(L,) is. the function 
relating the time spent commuting to labor 
supply, L,.” 

Substituting the time constraints into the 
income constraint and forming a Lagrangian 
expression, the result is 


L=U(x,q, lp, lm) FA| w, (H -ln — 5k) 
+w,(H-l—g9(L,)k)—x 
—p(k)q-T(k, L,)| 


The equilibrium bid-rent schedule derived 


*Alternatively, L, can be thought of as the propor- 
tion of women in full-time employment at a particular 
level of aggregation such as the census tract or, as with 
the data used here, the community. 
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from L is 


OL : 
ak at 


L 
XG ipsm À a fy 
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dg Ly oT 
dL, ok "nt 3k 
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where is A is the Lagrange multiplier associ- 
ated with the combined income and time 
constraints. Muth’s corresponding expres- 
sion is 


g( L; )w+ kw; 


@) d __ a /ak 


dk q 


where T=T7(k, y) for Muth, thus including 
the cost of time. Expression (3) differs 
mainly in making the slope of the bid-rent 
schedule dependent on the wife’s labor 
supply and on wage rates rather than earn- 
ings. This latter consideration avoids the 
error of treating y as the measure of family 
welfare. This error results because an in- 
crease in w,, is associated with a decrease in 
L,; to the extent that the wife’s labor supply 
decreases, the use of y results in an under- 
estimate of the change in the real welfare of 
the family. The proper view of the wife’s 
reduction in market labor. is that she has 
substituted more time at home as the value 
of marginal product of her husband’s time 
at work rises. 

Equation (3) is the negative of the ratio of 
marginal per mile transportation cost to the 
quantity of housing consumed. Following 
Muth, q is the demand for housing, but in 
this instance it is g=q(¥,,W,,, p), Whereas 
for Muth, g=q(y, p). The use of wage rates 
w and w,, is superior to earnings y because 
wage rates are directly proportional to the 
resource constraint concept of family welfare 
developed by Gary Becker; an earnings 
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variable used as the income measure in a 
demand function will not capture dif- 
ferences among families in the market vs. 
nonmarket allocation of time. 

If we assume, with Muth and Wheaton, 
that 07 /dk is a constant, namely, that dollar 
per mile transportation costs are invariant 
with distance, then the numerator of (3) is a 
function of the variables k, ly Wr, and w, 
so that (3) can be written in general form as 


(5) dp t(k, L,, Wr, Wn) 
dk ICW Wms P) 


where ¢( ) is per mile transportation cost for 
the household. In this context, dp /dk can be 
considered the slope of an indifference curve 
in ( p, k) space. High-income families (where 
income is measured by wages) will live 
farther from the center if an increase in 
income causes the slope of p(k) to become 
flatter. To see this, the percentage change 
form of (5) can be used: 


© (2) =-(i-å)= -|El w), 


+E(t, Wy) qt E(t, L;)L;+ E(t, k)K 


-E(q, Wn) %p,— E( 45,9, E(4, P)B | 


where a “hat” denotes a percentage change 
and E( ) is an elasticity. Following Muth 
and Wheaton, we are looking at the change 
in the slope of p(k) at a point, so dk=0; 
then E(t, k)k=0 and E(q, p) is also zero 
because dp=(dp/dk)dk. Then (6) can be 
rearranged to read 
dé 
m (F) Ewn ECan) 


The bracketed term in (7) is the income- 


distance condition discussed by Muth (p. 
30), Mills (p. 87), and Wheaton (1977b). 
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This term alone says that high-income 
households will live at a greater distance 
from the urban center if the income elastic- 
ity of housing demand (represented by wage 
rates in (7)) exceeds the elasticity of trans- 
portation cost with income. 

Going beyond the bracketed term, equa- 
tion (7) says that changes in wives’ labor 
supply will act through transportation cost 
to affect the slope of bid rent. A simple 
model of the determinants of L, will be 
introduced below; the point here is that 
Wheaton’s empirical result which shows the 
bracketed term to be close to zero does not 
mean that bid rent is not having an effect 
on the household’s location decision. The 
slope of bid rent can become flatter with 
increases in income even when the brack- 
eted term is zero if E(t, L,)L, is negative. 

The labor supply term in (7) is made up 
of two components: the elasticity of per 
mile commuting cost with respect to labor 
supply and the change in labor supplied. 
The first of these is unambiguously positive, 
but the sign of the second will depend on 
the determinants of L,. Studies such as those 
of Cain and Cain aad Michael Dooley have 
used w,,, Wp, asset income, and various age 
and fertility variables to estimate wives’ 
labor supply. Table 3 presents estimates of 
such a supply function for a single metro- 
politan area, using observations for eighty- 
two communities of over 10,000 population 
in the Chicago Standard Metropolitan Sta- 
tistical Area (SMSA), including the central 
city. The “in the labor force” participation 
rates are multiplied by the proportion of 


‘working women who worked fifty weeks or 


more, in order to approximate more closely 
a full-time rate. Since married women, 
husband present, are not broken down by 
age, the supply function is also reported for 
all women in the 25-34 and 35-44 age 
groups. Equation 1 in Table 3 shows that 
male income explains most of the variance 
of labor force participation rates. In the 
other estimates, the signs of most coeffi- 
cients are as expected, except for that of w, 
for women 25—34. There is a spurious corre- 
lation between LFPR and w, because the 
variable used is earnings, not the wage rate. 
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TABLE 3-— ESTIMATES OF THE DETERMINANTS OF LABOR FORCE 
PARTICIPATION RATES (LFPR) FOR WOMEN IN THE CHICAGO SMSA 
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Dependent 

Variable Constant IN Wy 

1. L: log LFPR for 
married women 13.27 — 1.13 
husband present (17.4) (— 13.8) 
R*=.70; F=190.6 

2. Lı: same as 1 3.84 —0.85 
R? = .78; F=69.8 (1.6) (—9.4) 

3. Ly: log LFPR for 18.63 — 0.97 
women 25-34 (6.1) (—8.6) 
R? = .78; F=67.2 l 

4. L,: log LFPR for 6.28 — 93 
women 35-44 (2.5) (~9.9) 
R* = 80; F=75.5 i 


Estimated Coefficients 
In Wy in child Ink 
0.80 — .005 0.03 
(4.4) (—0.04) (0.5) 
— 0.02 — 1,05 0.009 
(--0.1) (-—6.7) (0.1) 
0.69 —0.05 — 03 
(3.0) (—0.4) (—0.5) 


Source: U.S. Bureau of the Census, General Social and Economic Characteristics. 


Note: Variables: w,,= median earnings of males; w 


w= median earnings of females; child= percent of women who 


have children under 17; k=airline miles from CBD. The t-statistics are in parentheses beneath estimated 


coefficients. 


This is only partly adjusted for by the full- 
time participation rate variable. 

The distance variable k comes in with 
little or no effect on participation in Table 
3. This suggests that distance (transporta- 
tion cost) is not an important enough factor 
to influence the decision to participate in 
the labor force, although whether one par- 
ticipates is quite important in choosing a 
location. The number of women in the labor 
force decreases markedly with distance from 
the center, as the simple regressions of labor 
supply on distance show: 


'L;= 435 — 0.316 Ink R?=.18; F=18.0 
(11.4) (—4.2) 

L,= 5.40 — 0.525 Ink R?=.34; F=40.9 
(12.8) (—6.4) 

L,= 4.88 — 0.383 Ink R?=.24; F=24.8 
(12.4) (~5.0) 


The range of female participation rates 
(“in the labor force, aged 25-39"), taken 
from individual Chicago SMSA census 
tracts, is from 0.93 at one-half mile from the 
- corner of State and Madison to 0.18 at 
twenty-eight-miles distant. 


The labor supply estimates from Table 3 
can be used with equation (7) to shed more 
light on the income-distance relationship. L 
will change when the wage rates of husband 
and wife change as follows: 


With this addition, equation (7) becomes 


O) (E) [Ewn tE) 


- E(t, Wy, )%_— E(t, w) ] 
—E(t, Ly)[ E( Ly, Wm) Pq + E( Ly, wy] 


The sign and magnitude of the labor supply 
term depends on the relative increases in w,, 
and w,. There is no “representative” division 
of changes between w,, and w,, but husbands’ 
wages vary a great deal more than those of 
wives, so the likely range of w,, and W, is 
from #,=0 to #,=w,,. Using the estimates of 
E(L,, Wy) and E(L,, w,,) from Table 3, 
equation 2, the range of the labor supply 
term in (10) would be 0.05 E(t, L,) to 0.85 
E(t, L,). The magnitude of E(t, L,), the 
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TABLE 4—~ INCOME-DISTANCE REGRESSIONS FOR THE CHICAGO SMSA, 1970 
(Dependent Variable = Log of Miles from the CBD) 


Log of Median 
Family Income L, L, 
1. A4 
(2.3) 
2. = 39 — 82 
(-—1.4) (-—3.7) 
3. — 26 — .75 
(- 1.3) (—6.0) 
4. — 72 
(—2.6) 
5. —.19 —.67 
(— .78) (—3.6) 


Age of 


L Housing* R? F 

07 5.7 

21 10.3 

36 21.8 

—1.04 30 16.8 

(-5.1) 
— 08 43 19.9 
(—5.6) 


3 Age of housing= percent of housing stock constructed in 1939 or earlier. 


elasticity of the household’s per mile trans- _ 


portation cost with the wife’s labcr supply, 
depends on what type of work schedule is 
assumed. More hours worked per day with 
the same number of work trips would not 
Increase. transportation cost at all. But in the 
more frequent case of women working more 
days or weeks (or, using aggregated data, 
when more women enter the labor force), 
the elasticity would be about unity times the 
wife’s share of transportation cost. Since the 
wife’s share is bounded by 0 and 1, E(t, L,) 
has a range from 0 to 1, and the entire labor 
supply term will range from 0 to 0.85. Since 
this term is added to the Alonso-Muth- 
Wheaton elasticity condition, it means that 
the income elasticity of housing demand can 
be less than the elasticity of transportation 
cost with income by a considerable margin 
while the bid-rent curve still becomes flatter 
at higher incomes. 

The possibility that, holding labor supply 
constant, the wealthy have a tendency to 
live closer rather than farther from the center 
is supported by the evidence that in the 
nineteenth century the income ordering in 
American cities was the reverse of that ex- 
isting today (see, for example, Homer Hoyt). 
The positive correlation of median family 
income and distance from the CBD today is 
rather weak, casual observation notwith- 
standing. Muth found that this ccrrelation 
disappeared when he included the age of 
housing in his regression. However, his sam- 
ple was from the South Side of Chicago in 


1950, when that area was in the process of 
becoming the country’s largest black com- 
munity by the mechanism of neighborhood 
turnover. This hardly seems the ideal test of 
the filtering model of urban structure. The 
sample of communities in the Chicago 
SMSA used for the regressions in Table 3 
also shows a very weak income-distance re- 
lationship. This is reported in equation 1, 
Table 4. The addition of female labor force 
participation variables causes the sign of the 
income-distance relationship to be reversed, 
although the coefficient is only significant in 
one case out of three. When the age of the 
housing stock is included in equation 5, the 
labor supply variable retains its signifi- 
cance, while the income relationship be- 
comes weaker. Thus the income-distance re- 
lationship is definitely misspecified when 
LFPR is not included. The income effect on- 
the bid-rent schedule cannot be separated 
from the labor supply effect. 

This paper has attempted to demonstrate 
that the bid-rent approach to urban struc- 
ture has not been discredited by Wheaton’s 


. study. Household labor supply is a crucial 


variable in any model of urban structure 
and it varies in a way which is much more 
systematic than previous writers have as- 
sumed. The urban labor force today differs 
from that of the past in that more work is 
done outside the home by married women. 
Lower-income households have more labor 
force participants (including children) than 
higher-income ones. The income-distance 


~~ am I 
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relationship cannot be tested properly un- 
less the income-labor supply interaction is 
included, and the results reported here indi- 
cate that the rich might actually live closer 
in were it not for differences in labor supply 
among income groups. 
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In Defense of Some “Paradoxes” of Trade Theory 


By Horst HERBERG AND Murray C. KEMP* 


In recent years there has been a sys- 
tematic exploration of the implications of 
relaxing the strict assumptions of the text- 
book version of the Heckscher-Ohlin theory 
of international trade. Some of the best- 
known propositions have turned out to be 
highly vulnerable to changes in assump- 
tions. Thus if the assumption of constant 
returns to scale is relaxed, one must be 
prepared to sacrifice the Stolper-Samuelson 
and Rybczynski theorems (see Ronald Jones, 
1968, and Kemp), and one must accept the 
possibility that commodity prices and out- 
puts are negatively associated (see our 1969 
paper). And if factor-market distortions are 
admitted, one must be prepared for the pos- 
sibility that the ranking of industries by 
value factor intensities may be opposite to 
the ranking by physical factor intensities, 
implying in turn that outputs and prices 
may be negatively associated and that the 
Stolper-Samuelson and Rybczynski theo- 
rems must be rephrased and then cease to 
be dual to each other (see our paper with 
Stephen Magee; Jones, 1971). Against the 
background of traditional results, the new 
findings have been viewed as “perverse” 
and “paradoxical.” 

Now a reaction has set in. Wolfgang 
: Mayer and J. Peter Neary have argued that 
the paradoxes of static neo-Heckscher-Ohlin 
models are incompatible with the stability 
of certain dynamic models so that, if the 
assumption of stability is granted, the 
paradoxes will almost. never be observed. 

Our purpose in this comment is to suggest 
that the dynamic analysis carried out by 
Mayer and Neary is inconclusive. We wish 
to make one basic point, equally applicable 
to both papers, and then to illustrate the 
point with reference to Neary’s paper. 
(Mayer’s paper would have served equally 
well.) 


*University of Kiel and University of New South 
Wales, respectively. 
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Stolper, Samuelson, and Rybczynski, as 
well as Jones and the present authors in the 
cited papers, were concerned with the com- 
parative static properties of one part of a 
larger general equilibrium system. For pur- 
poses of examining those properties, it was 
quite proper to abstract from the rest of the 
system by artificially freezing commodity 
prices and factor endowments. However, in 
searching for stability conditions to impose 
on comparative static calculations within the 
smaller system, one must look at a dynamic 
extension not of the smaller but of the larger 
static system. There seems to be no good 
reason to insist that any particular part of a 
larger dynamic system should be stable in 
isolation. Suppose that we have built up a 
larger static system by adding commodity 
demand and factor supply functions, and 
that we have dynamized the system and 
calculated stability conditions. Those condi- 
tions may be useful in comparative static 
computations within the smaller model. But 
one would not expect to find that stability 
of the smaller dynamic model is implied by 
stability of the larger dynamic system. It is 
true that the postulate of stability under all 
speeds of adjustment, together with other 
mild assumptions, does imply that all sub- 
systems are stable. However it does not seem 
that either Neary or Mayer had that much 
stronger assumption in mind.! 

We now turn to a detailed study of 
Neary’s paper. He considers a small price- 
taking country which produces two products 
with two primary factors. At each moment 
of time, the allocation of factors to industries 
is given “by history.” In each industry at 
each moment producers pay for each factor 
the value of its marginal product in that 


' Other points could have been made. For example, 
every static model can be imbedded in any number of 
different dynamic extensions, and each dynamic exten- 
sion has its own stability conditions. Conclusions drawn 
from just one or two such extensions therefore must be 
highly tentative. However, this point is well known. 
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industry. Depending on the absence or pres- 
ence of factor-market distortions, a factor 
may or may not receive the same reward in 
both industries. Even in the absence of per- 
manent distortions, factors may receive rent- 
als which vary from industry to industry 
(“transient” factor-market distortions). Over 
time each factor tends to move from the 
industry in which it is relatively poorly re- 
warded to the industry in which it is rela- 
tively well rewarded. 

Neary shows that such an economy is 
globally stable or unstable as the ranking of 
_ the two industries at rest is the same or 
- different in terms of relative value and 


physical factor intensities, that is, in Neary’s © 


notation, as |@|-|A|>0 or. |6|-|A|<0.? He 
concludes that stationary equilibria in which 
relative physical and value factor intensities 
differ will almost never be observed and 
that the comparative statical paradoxes such 
as perverse price-output relationships based 
on such a difference can be consigned to the 
category of “theoretical curiosa.” 

Neary has performed a useful service in 
reminding us that the relevance of compara- 
tive static calculations can be established 
only by stability analysis of an appropriate 
dynamical system.. It is not clear, however, 
that his own analysis is appropriate. Neary’s 
dynamic model is partial equilibrium in the 
sense that both commodity prices and factor 
endowments are taken to be unexplained 
constants. It therefore can be imbedded in a 
more general model in which prices and 
endowments are endogenous. And the more 
general model may be stable when Neary’s 
model is unstable. 

It remains to show that there do exist 
interesting extensions of Neary’s model and 
that these more general models may be sta- 
ble even when Neary’s model is unstable. 
The first such generalization is provided by 


21X| and |0] are the determinants of the matrices of 
factor-input coefficients A,, and factor-cost shares 9, ,, 
respectively (i= L, K; j=X, Y). . 

3Neary’s model extends that of Kemp, Yoshio 
Kimura, and Koji Okuguchi by allowing for perma- 
nent factor-market distortions. Kemp, Kimura, and 
Okuguchi demonstrated that their system is globally 
stable and that, following disturbances of specified 
kinds, factor allocations move in monotone fashion to 
their new stationary values. See also Kemp and Kimura. 
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Neary himself. After developing his main 
proposition (in Sections I and IT) he goes on 
(in Section HI) to close his model by intro- 
ducing homothetic preferences, the same for 
each individual, and price-determining com- 
modity markets which clear at each mo- 
ment. He shows that the extended model is 
locally stable if and only if 


(1) o: =0p|8|-|A| +oxQyt+oyQy>0 


where gp is the elasticity of substitution in 
demand, o; is the elasticity of factor sub- 
stitution in the ith industry, and 


O;: =A bkit Ax (=X, Y) 
Obviously condition (1) is satisfied if 
(2a) [0 |-|A]>0 


Alternatively, as can easily be shown,‘ con- 
dition (1) holds if . 


(2b) Op < Oy t+ Oy 


In particular, (2b) implies (1) even if |6|-|A| 
<0, that is, even if Neary’s sufficient condi- 
tion for fixed-price instability is satisfied. 
One can go a step beyond Neary’s Section 
III and extend his flexible-price model by 
treating one of the two commodities as an 
investment good and thus allowing for 
capital accumulation. Such a model is in 
turn a special case of one developed in our 
1972 paper. Specifically, it is obtained from 
our model by making all savings propensi- 
ties equal to each other and constant. From 


*From (1), 
o=(ap~0x~~Gy)|9|-|A| +ayRyt+oyRy 
where R,: =|8|-|A|+0,Ci=X, Y). 
Now 
Ry=(Arx~Anx (Ore Ory) FAL xx tA KOLx 
=Arx(OrxtOxx) ~Arx Ory tary Ory 
=ArxOxytAKxO,y>9 | 


Similarly, RyAgyOrytAryoey > 9 Hence for o >0 
it suffices that (2a) or (2b) be satisfied. 
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our Lemma 5 it is then easy to choose 
conditions which suffice for local stability 
and which are consistent with Neary’s suffi- 
cient condition for fixed-price instability, 
viz., |@|-|A|<0. One such set of sufficient 
conditions consists of (d) of our Lemma 2 
together with (b) and (c) or our Lemma 5. 

Finally, one can extend Neary’s original 
fixed-price model by allowing for accumula- 
tion while retaining the fixed-price assump- 
tion itself. This involves the reworking of 
Part II of our 1972 paper under the assump- 
tion of fixed commodity prices. Here we 
simply report that the fixed-price version of 
our earlier model also may be stable even if 
ið- JA] <0. 
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This Side of Paradox, or, in Defense 
of the Correspondence Principle: — 
A Reply to Herberg and Kemp 


By J. PETER NEARY* 


I am grateful to Horst Herberg and 
Murray Kemp (henceforth H-K) for their 
courteous response to my paper, but I regret 
to say that I disagree with their defense of 
‘the “paradoxes” in international trade the- 
ory discussed by Wolfgang Mayer and my- 
self. Section I below reviews in detail the 
reasoning in my paper and in H-K’s re- 
sponse, but the essential points in this ex- 
change of views may, I believe, be sum- 
marized as follows. 

In my paper it was demonstrated that, 
under a class of economically plausible as- 
sumptions about dynamic adjustment, a 
number of comparative static paradoxes 
which have attracted attention in the litera- 
ture on factor-market distortions are associ- 
ated with unstable equilibria. This associa- 
tion was shown to hold in both the two- 
sector Heckscher-Ohlin model of a small, 
open economy producing two traded goods, 
and the two-sector model with commod- 
ity prices determined endogenously. I 
concluded, by a standard application of 
Samuelson’s Correspondence Principle, that 
these paradoxes can effectively be ignored 
since they will almost never be observed in 
either model. 

Herberg and Kemp do not dispute my 
analysis but they question my conclusion on 


the grounds that stability of the larger static . 


system (i.e., the endogenous-prices model) 
need not imply stability of the smaller one 
(ie., the fixed-prices model) and that it is 
only the larger system which we should ex- 
pect to be stable. Herberg and Kemp are 


*Trinity College, Dublin. Without implicating them 
in the final product, I would like to thank Jagdish 
Bhagwati, Ronald Jones, Wolfgang Mayer and Frances 
Ruane for helpful comments, and the Institute for 
International Economic Studies, University of Stock- 
holm, for providing research facilities. 
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certainly correct in pointing out that the 
stability conditions for the two models are 
different, but in attaching primacy to stabil- 
ity of one model rather than the other, they 
effectively call into question most applica- 
tions of the Correspondence Principle. The 
essence of this principle is to make explicit 
the process by which a particular compara- 
tive static result does (or, in this case, does 
not) come about, on the grounds that if such 
a result is to be of economic, as opposed to 
purely mathematical, interest, it must refer 
to a specific temporal or causal sequence: 
for example, an increase in a subsidy will 
induce or give rise to (not merely “be associ- 
ated with”) a rise in output. Hence the only 
stability arguments which are relevant to 
comparative static statements made about 
the fixed-prices model are those which rely 
on dynamic adjustment mechanisms ap- 
pended to that model; and similarly, the 
stability condition derived from the endoge- 
nous-prices model is relevant only to com- 
parative static statements made about that 
model. Provided one adopts this viewpoint, 
which appears to be widely accepted in other 
branches of economic theory, it follows that 
H-K’s arguments do not in any way invali- 
date the points made in my paper, since 
they do not rehabilitate the comparative 
static paradoxes I criticized. 


-I 


Herberg and Kemp’s main criticism of 
my paper is that the fixed-prices model of 
Sections I and II is “partial equilibrium in 
the sense that both commodity prices and 
factor endowments are taken to be un- 
explainéd constants,” and that, if these 
parameters are made endogenous in a more 
general model, then this more general model 
may be stable when my model is unstable. 
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In order to demonstrate that these state- 
ments are both correct’and yet fully con- 
sistent with my paper, it is necessary to 
review the arguments in both papers. I first 


distinguish between the two models under’ 


consideration: ' 

Model a: The standard two-sector 
Heckscher-Ohlin model of international 
trade theory, with proportional intersectoral 
factor-price differentials, and with relative 
output prices parametrically fixed. 

Model B: As model a, except that 
relative output prices are determined endog- 
enously by the interaction of supply and 
demand, where aggregate demands are gen- 
erated by the maximization of a homothetic 
utility function. 

Consider next the following three state- 
ments: 

A, Every observed equilibrium must be 
(locally) dynamically stable, with respect to 4 
particular disequilibrium-adjustment mech- 
anism. 

B. The rankings of sectors by physical 
and value factor intensities are the same: 
1A ||O|>0. 

C. The economy’s distortion-output re- 
sponse is normal: an increase in the level of 
a permanent proportional factor-price dif- 
ferential imposed on a factor employed in 
one sector will, ceteris paribus, lower the 
-output of that sector relative to that of the 
other sector.” 


1A more complete discussion of the models’ assump- 
tions is given in my paper. Note that model a is in fact 
a special case of model £, being the limiting case of the 
latter as the elasticity of substitution in demand tends 
towards infinity. As a result, the stability condition for 
model a, condition B below, is a special case of that for 
model $, condition D (provided the limit is taken in the 
correct manner; see Section Lil of my paper). However, 
in the present context it is more convenient to treat 
these models as distinct from each other. 

2 The discussion is couched in terms of the economy’s 
distortion-output response, but it could alternatively 
have referred to the economy’s price-output response 
(where the latter refers, when commodity prices are 
endogenous, to the response of aggregate supply to an 
exogenous upward shift in the demand schedule for 
one of the commodities). From a formal point of view, 
these two questions are essentially identical, since what 
is at issue in both cases is the response of relative 
outputs to a change in the prices faced by producers. 
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The main conclusion of Sections I and II 
of my paper was? 


(1) a: AB 


while it is well-known in the literature (see 
the references cited in my original paper) 
that 


(2) a: BesC 
Combining (1) and (2), I concluded that 
(3) a: Ac 


In words, (3) states that when output prices 
are fixed, the hypothesis of dynamic stabil- 
ity rules out the comparative static paradox 
of a perverse distortion-output response. 
This chain of reasoning is of course a stan- 
dard application of Samuelson’s Soeren 
dence Principle. 

Having noted these results, H-K proceed 
to consider the endogenous-prices model £. 
They first quote the result of Section HI of 
my paper that 


(4) B: AoD 


where 
D. The economy’s aggregate elasticity 
of substitution o is positive. 
Then they show by algebraic manipula- 
tion that 


(5) = (DeB) 


and they conclude from (4) and (5) that, 
contrast with (1), 


(6) B: ~(AcB) 


or, in words: dynamic stability is consistent 
with a difference between the. physical and 
value factor-intensity rankings of the two 
sectors, when output prices are endogenous. 

Herberg and Kemp seem to imply that 
these conclusions are in conflict with the 


3Following standard convention, I use “&” for 
“and,” “>” for “implies and is implied by” and “~ 
for “not.” Note that all but one of the statements 
(1)-(8) are contingent on one or other of models a 
and £. 
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assertions in my paper. However, this is not 
the case. Statement (6) is explicitly stated in 
Section V of my paper (p. 679, point 2) and 
statement (5) clearly holds at point G in my 
Figure 3: condition B is not met there (since 
the supply curve in relative - price-relative 
output space is downward sloping) but con- 
dition D is met (since the supply curve cuts 
the demand curve from below). Moreover it 
is noted in the text of my paper that at a 
stable equilibrium the distortion-output re- 
sponse of the endogenous-prices model is 
normal; i.e. . 


(7) B: DeoC 
and so, from (4) and (7), 
(8) b: AC 


It was with the similarity between state- 
ments (3) and (8), and not the contrast 
between statements (1) and (6), that my 
paper was primarily concerned, and state- 
ment (6) does not invalidate the conclusions 


of my paper: a perverse price-output re- - 


sponse is inconsistent with dynamic stability 
in both the fixed-prices model (from (3)) 
and the endogenous-prices model (from (8)). 

The point of all this is that it is not 
helpful to ask whether or not a particular 
stability condition appropriate to one model 
is satisfied in a different model: conditions 
B and D are of relatively little intrinsic 
interest,* and even only slightly different 
static models imply different stability condi- 
tions. Rather what matters is the informa- 
tion which the hypothesis of stability itself 
provides about the comparative static prop- 
erties of each model, and in neither of the 
more general models considered by H-K 
have they shown that a comparative static 


4] say “relatively” because there are some substan- 
tive issues to which conditions B and D are relevant in 
themselves. For example, in empirical tests of the 
Heckscher-Ohlin theorem, the question of whether or 
not condition B is met is relevant to the choice of data; 
see Stephen Magee, pp. 69-72. 

> Both the increasing-returns model studied by Mayer 
and the two-sector fixed-prices model with a general 
G.e. not necessarily proportional) intersectoral factor- 
price differential imply stability conditions different 
from B. 
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paradox such as a nonfulfillment of prop- 
erty C is consistent with the stability hy- 
pothesis A. 


H 


Herberg and -Kemp go beyond their 
specific criticisms of my paper to enunciate 
a general methodological principle when 
they state: “There seems to be no good 
reason to insist that any particular part of a 
larger dynamical system should be stable in 
isolation” (p. 812). While this argument is 


beyond reproach if the sole focus of analysis 


is the larger system, it is questionable in the 
present context on two counts. First, if a 
particular “small?” model should be em- 
bedded in a larger one, then neither com- 
parative static nor dynamic arguments are 
valid in isolation for the former. Whereas, if 


_ a comparative static statement is made about 


a particular small model, it is implicitly as- 
sumed that the economy under considera- 
tion will in fact move from the initial to 
the new equilibrium. The Correspondence 
Principle merely makes this movement ex- 
plicit, and asserts that if the new equilibrium 
will not be approached, then the compara- 
tive static statement in question is of little 
economic interest. It follows that if this pro- 
cedure is to make sense, it is essential that 
the dimensions of the comparative static 
and dynamic analyses be the same. 

Second, even if we accept H-K’s argu- 
ment, where should we stop? Every con- 
ceivable model is in principle embedded in 
some more general model (except for that 
ultimate model which is a copy of, rather 
than an abstraction from, reality). Herberg 
and Kemp’s larger statical system which al- 
lows for endogenous capital accumulation 
fails to allow for long-term changes in the 
rate of population growth or even longer- 
term changes in social institutions (such as 
the transition from feudalism to capitalism). 
It would clearly be farfetched to insist (as 
H-K must if they carry their general princi- 
ple to its logical conclusion) that in search- 
ing for stability conditions to impose on 
comparative static calculations within the 
smaller system, one must look at a dynamic 
extension not of the smaller but of the largest 
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conceivable static system. Herberg and 
Kemp’s basic point would appear to be a 
recipe for infinite regress rather than for 
scientific progress in economic theory. 


HI 


It should be clear from the foregoing that 
H-K and I do not disagree on the specifica- 
tion or properties of these models but only 
on questions of their interpretation. We are 
also in agreement on a further point: what I 
called the Ambiguity of the Correspondence 
Principle, by which I meant the well-known 
point that the stability conditions implied by 
one set of assumptions about disequilibrium 
adjustment, may not apply under a different 
set. However, while H-K suggest that be- 
cause of this the conclusions of my paper 
are “highly tentative,” it is my belief that 
they are likely to prove highly robust.® For 
example, as I noted in the concluding sec- 
tion of my paper, the stability condition B 
continues to apply under more general labor 
. market adjustment assumptions than those 
implicit in equation (14) of my paper.’ 

Indeed, I have been able to find only one 
class of adjustment mechanisms under which 
the fixed-prices model with proportional in- 
tersectoral factor-price differentials is unsta- 
ble when condition B holds. A typical mem- 
ber of this class is given by equations (13) 
and (14) of my paper, with ¢’ negative in- 
stead of positive. This is equivalent to as- 
suming that adjustment in the capital market 


‘Note that the type of robustness at issue here is 
different from that considered in Section I above. There 
it was noted that the stability condition B is not robust 
with respect to changes in the static model (i.e. it 
applies only to the fixed-prices two-sector Heckscher- 
Ohlin model a), whereas here it is argued that this 
condition is robust with respect to changes in the 
dynamic adjustment assumptions which are appended 
_ to that particular static model. 
7See my forthcoming paper. 
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depends on the degree of disequilibrium in 
the labor market (i.e., capital flows into the 
sector where the lower rental and hence the 
higher wage is being earned), and it is there- 
fore a simple application of the argument 
with which Don Patinkin (see his Appendix 
to ch. 7) attacked the generality of the Cor- 
respondence Principle. But it is clearly a 
highly implausible assumption, and the fact 
that it gives rise to paradoxical comparative 
static predictions reflects not the Correspon- 
dence Principle, but the Principle of the 
Conservation of (Waste) Matter (better 
known as “garbage in, garbage out’). Until 
H-K or anyone else produce an economi- 
cally plausible adjustment mechanism which 
implies stability conditions for these models 
which differ from B and D, I will continue 
to argue that paradoxes such as the non- 
fulfillment of statement C are theoretical 
curiosa that will almost never be observed. 
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Utility Function Transformations 
and Money Illusion: Comment 


By PETER HowITT AND DON PATINKIN* 


In a recent exchange in this Review,’ 
Richard Dusansky and Peter Kalman (here- 
after, D-K) have claimed that the standard 
condition that utility functions be homoge- 
neous of degree zero ( HDO) in money and 
prices is not a necessary one for demand 
functions to be free of money illusion. They 
have proposed a “more general” set of 
conditions that imply illusion-free demand 
functions. Clower and Riley (hereafter, C-R) 
have claimed that, on the contrary, the 
standard condition serves completely to 
characterize the class of illusion-free de- 
mand functions, and that the conditions of 
D-K achieve only a spurious generality. 
However, D-K have apparently rebutted this 
claim by pointing out what is actually a 
minor error in the paper by C-R.? 

The purpose of the present note is to 
confirm C-R’s claim by demonstrating the 
nature of D-K’s spurious generality in a 
simple way that goes back to fundamental 
utility theory. In particular, we shall show 
that D-K’s conditions are more general only 
in the sense that they allow a consumer 
whose ordinal utility is HDO to choose an 
index of cardinal utility that depends upon 
the vector of money prices. The spurious- 


*Associate professor of economics, University of . 


Western Ontario, and professor of economics, Hebrew 
University of Jerusalem, respectively. Howitt acknowl- 
edges financial support from the Canada Council. Work 
on this note was begun during Patinkin’s visit at the 
University of Western Ontario in the fall of 1976. His 
subsequent work was carried out as a fellow of the 
Institute for Advanced Studies at the Hebrew Univer- 
sity; it was financed in part by a grant from the Ford 
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stitute for Economic Research in Israel. We are greatly 
indebted to Menahem Yaari of the Hebrew University 
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‘See Dusansky and Kalman (1974, 1976) and 
Robert Clower and John Riley. 

‘The error was C-R’s omission (equation (3), p. 184) 
of the inconsequential A(p), as in our equation (8) 
below. 
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ness of this generality arises from the well- 
known fact that (under conditions of cer- 


.tainty) no operational significance can be 


attached to the choice of a cardinal utility 
index. Correspondingly, D-K’s conditions 
are operationally equivalent to the standard 
HDO condition, in the sense that they gener- 
ate the same demand functions. 

More specifically, consider one consumer 
with the utility function u(x) and a second 
one with the utility function f(x) defined by 


(1) f(x) =6(u(x)) 


where x=(x,,...,X,) is the consumption 
vector, and ¢ is a strictly increasing func- 
tion, which (following Paul Samuelson) we 
will call the consumer’s index of cardinal 
utility. It is a commonplace of consumer 
theory? that the marginal rates of substitu- 
tion of two such consumers are identical, for 


Ou du 
my et 








(2) = = 
of do du du 
0 Se 0) 


Correspondingly, each consumer will exhibit 
exactly the same demand functions. Thus 
the choice of the cardinal index has no 
operational significance. 

Assume now that the second consumer 
chooses his cardinal index in accordance 
with the phases of the moon; that is, when 
the phase of the moon is A he chooses the 
cardinal index ¢*( ). In this case the con- 
sumer’s utility function can be defined as 


(3) f(x, A)=¢*(u(x)) 


One might get the impression that a con- 
sumer with such a utility function could be 


3See Vilfredo Pareto, pp. 539-45, John Hicks, pp. 
306-07, and Paul Samuelson, pp. 98-99. 
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called a lunatic in the primal sense of the 


term, because his utility is affected by lunar 
phases. However, it would be misleading to 
claim that we had in this way generalized 
the standard theory of consumer’s behavior 
to incorporate the case of lunacy. For in the 
-present case the only role played by A is to 
choose the inconsequential cardinal index 
which cancels out as in (2) above. In other 
words, the utility function defined by (3) 
deals only with lunatics who say they feel 
better (or worse) when the full moon comes 
out, but do not behave any differently. Thus 
it allows only a spurious generality. 

Along the same lines, we might suppose 
that instead of looking at phases of the 
moon, the second consumer looks at the 
vector of prices, p=(p),..., Pa) when decid- 
ing which cardinal utility index to use. Thus 
the utility function would be defined as 


(4) f(x, p)=9"(u(x)) 


where for each p, $” is monotonically in- 
creasing. Just as before, one would hardly 
want to claim that this involves a generaliza- 
tion of the standard theory to incorporate 
Veblenesque snob effects by virtue of the 
inclusion of the price vector in the utility 
function: for once again the marginal rates 
of substitution of the two consumers will be 
identical, in view of the fact that 


of do? Ou Ou 
OO GOO FO 








(5) Tor. bu ~ au 
Zo SoS #0 


In the standard theory of consumer choice 
with money, the consumer is assumed to 
possess a utility function u(x, m, p) which is 
HDO in m and p, where m is the nominal 
demand for money. The consumer maxi- 
mizes this utility function subject to the 
budget constraint 


© 


(6) 5 D;X,+m=W 


i=] 


where W denotes the money value of the 
consumer’s initial endowment. The budget 
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constraint (6), together with the first-order 
conditions: 


(7) ie 2 = )=P; 


define the demand functions x(p, W), 
m(p,W ). These functions are easily seen to 
be free of money illusion; i.e., x( ) is HDO 
and m( ) is homogeneous of degree one 
(HD1) inp and W.* 

Just as before, the choice of the particular 
cardinal utility index does not affect the 
marginal rates of substitution in (7) and 
hence has no operational significance. In 
particular, the consumer’s demand functions 
would be just the same if his utility func- 
tion were defined by u(x,m,p) or by 
*[u(x, m, p)] or by $?[u(x, m, p)]. In this 
last case, the utility function generally would 
not be HDO in m and p. For if m and p were 
doubled, the value of u( ) would be unaf- 
fected; but since the change in p might 
dictate the choice of a different cardinal 
utility index, the value of ¢?[u(_ )] might be 
affected. However, it is obvious that such a 
utility function would not imply any opera- 
tionally meaningful form of money illusion. 

Now, this is really what is involved in 
D-K’s so-called “generalization” of the 
standard theory. For despite the technical 
complexity of their contribution, the class of 
utility functions defined by their proposed 
conditions is simply 


(8) f(x, m, p)=(p:) u(x, m, p)+h(p) 


where u( ) is differentiable and HDO in m 
and p, and A(p) is any function. Their con- 
ditions (1974, p. 118) are that 3f( )/ Ox; 
be homogeneous of degree k. for all i, 
and that df( / am be homogeneous of 
degree k—1, in m and p.° Define u(x, 


i=1,...,7 


*To see this note that if u( ) is HDO, then the 
marginal rates of substitution in (7) are HD/ in m and 
p (see R. G. D. Allen, p. 324). Thus if m is doubled but 
x unchanged when p and W are doubled, (6) and (7) 
will continue to hold. See also Patinkin, pp. 289-90. 

>Actually D-K would have seen immediately that 


` something was wrong with these conditions if they had 


noticed that the conditions apply directly to marginal 
utility functions, which in ordinal utility theory have no 
operational significance except indirectly Erauge their 
ratios, the marginal rates of substitution. 
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m, p)=f(x,m/py p/p,) and A(x, m, p)= ` 


f(x, m, p)—(p,)ku(x, m, p). Then (8) holds 
if A(x, m, p) can be expressed as a func- 
tion only of p. This will be the case if 
dh(x, m, p)/9x,= dh(x, m, p)/Im=0 for all 
i and this condition follows immediately 
from D-K’s homogeneity conditions. That 
(8) implies D-K’s conditions follows im- 
mediately from the fact that, because u( ) is 
HDO, therefore du( )/ðx; is HDO for all i, 
and du/dm is homogeneous of degree minus 
one, in m and p (see Allen, p. 324). 

Clearly every utility function in this class 
is of the form $?[u(x, m, p)], where, for any 
given p, ¢?[ | is an increasing function. Thus 
the only sort of added generality allowed for 
by D-K’s conditions is the spurious general- 
ity of permitting the consumer to vary the 
cardinal utility imdex when prices are 
changed. As C-R put it, the only sense in 
which the standard HDO condition is, as 
D-K claim, overly restrictive, is that it 
ignores the case in which the consumer says 
he feels better (or worse) when money hold- 
ings and all money prices are doubled, but 
does not behave any differently. 

To set the record straight, we show that a 
necessary and sufficient condition for de- 
mand functions to be free from money illu- 
sion is that they be derivable from a utility 
function that is HDO in m and p. Sufficiency 
is proven in footnote 4. To prove necessity, 
suppose that the illusion-free demand func- 
tions ¥( ), m( ) are derivable from the 
utility function: f(x,m, p), which is not 
HDO. Then it suffices to show that they are 
also derivable from the utility function: 
u(x, m, P)EZf(x, m/p ? P/P) which is HDO. 
Take any values (p°, W°) of prices ana 
wealth, and define x= Xp p°’,W°), m 
m( ?°,W?). We want to show that x° pe 
m? are also the quantities that will be cho- 
sen by the consumer with utility function 
u(.) when faced with( p°, W°). This will be 
the case if the first-order conditions 


Ou 
ae (x°, m?, p°) 


O a on 
=D; i=1,...,7 


(9) 
du 
= (x°, m°, p°?) 


are satisfied. To show that they are indeed 
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satisfied, note that, since x( ) and m( ) 
are. free of money illusion, therefore x°= 
x(p’, W9 and m’=m(p’,W'); where 
(p', W’, m)=(1/p°X p°, W°, m°). There- 
fore, since x( ) and m( ) are derivable from - 
Jf(), the first-order conditions: 


(10): ee 


must hold. Equation (9) can be derived di- 
rectly from (10) using the chain rule of 
calculus. 

Thus D-K have merely shown that illu- 
sion-free demand functions may also be de- 
rivable from operationally equivalent cardi- 
nal utility functions that are not HDO. In- 
deed D-K could have gone further and noted 
that they may be derivable from any utility 
function that has the same marginal rates of 
substitution as an HDO function whenever 
(7) is satisfied;® but once again this added 
generality has no operational significance. 
From the operational viewpoint, then, the 
traditional theory of money illusion is re- 
affirmed. 


*When (7) is not satisfied the utility functions need 
not satisfy any homogeneity conditions, because these 
values of (x, m, p) can never correspond to a point on 
the demand function. See Robert Pollak, pp. 70-71. 
This set of utility functions is not of the form 
o?[ u(x, m, p)}| where u( ) is HDO. Nor, as Menahem 
Yaari has pointed out to us, is the transformation 
employed in our proof that any illusion-free demand 
function is derivable from an HDO utility function. 
This means that the class of utility functions that are 
operationally equivalent to HDO functions is broader 
than the class of monotonic transformations, which in 
turn is broader than the class defined by D-K’s condi- 
tions. 
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Utility Function Transformations and Money 
Illusion: Reply and Further Results 


By RICHARD DUSANSKY* 


In our 1974 paper, Peter Kalman and I 
studied the theory of consumer choice with 
- money, in which a generalized real balance 
effect enters the utility function. It was 
shown that the class of utility functions 
which yields illusion-free commodity de- 
mand functions (JFDF) contains utility 
functions which are nonhomogeneous. Peter 
Howitt and Don Patinkin assert that the 
generalization of the class beyond the 
“standard” (i.e. homogeneous of degree 
zero, HDO) utility function is spurious, in 
that the nonhomogeneous functions in the 
IFDF class do not differ ordinally from the 
standard utility function. 

Provided below is a complete athemat: 
cal characterization of the entire JFDF util- 
ity class (in the form of an “if and only if” 
proof). It is shown that the JFDF class con- 
tains nonhomogeneous utility functions 
which differ in an ordinal way from the 
standard utility function. 

Consider the “regular” utility function 


(1) u=f(x,m, p) 


where x represents the n—1 commodities, 
Xjy+009X,—1, M is holdings of nominal mo- 


ney balances, and p represents the n—1 


commodity prices, p,,..-, P,—1: 
The budget constraint is 


n—l 
y+L= 2 P,x;+m 


i=1 


(2) 


where y is income and L is initial money 
balances. (Note that the price of m is taken 
to be unity.) The maximization of (1) over 
x, m subject to (2) yields the first-order con- 
ditions 


*Professor of economics, State University of New 
York-Stony Brook. 
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f(x, m, p) 
(3) MRS, ONE a PR 2 
AX M, p ee ee 
i Of(x,m,p) Bj 
Ox, 
i=],...,/—-1, /+l,...,n-1 
of(x,m, p) 
om l 
MRS (x, m, p) = ———————— = — 
ET 
(Ox; | 
n—l 


y+L= > pjx;+m 


i=] 


which, under the usual conditions,.can be 
solved for the demand functions 


(4) x,;=h'(p,L, y) 
m=h"(p, L, y) 


These demand functions, which exist in the 
neighborhood of the solution, are unique. In 
general these demand functions exhibit 
money illusion. 

Now, the central concern. What is the 
necessary and sufficient condition for the 
commodity demand functions in (4) to be 
free from money illusion? The following 
proposition is put forth and proved. 


i=1,....n-1 


PROPOSITION: The necessary and suffi- 
cient condition under which the commodity 
demand functions are HDO in (p, L, y) is 


(5) 


Da li _ 
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PROOF: 
By Euler’s theorem on homogeneous func- 
tions we know l 


(6) h'(p,L 
if and only if 


,y)=h (ap, aL, ay) 


n—li ; 
dh’ dh’ dh’ 
7 p+ ——L+—y=0 
(7) 2 ap ob ay 
ee 


However, from a total differentiation of the 
first-order conditions we know that! 


ðh "> OS(s) Dei 

Op, D =, xp, D 
af »”9 cle Gra Daip Dati 
dmdp, D D 

ah! _ ah! Das 

dy ðL D 


where D is the determinant of the Jacobian 


of the first-order conditions, D;; is the cofac-. 


tor of the element in row j column i of the 
Jacobian, and A is the Lagrange multiplier. 
Hence, we have (7) if and only if 


(3) S hZ y Mh) Du 
jal D ZX dx,0p; D 


a(t) 3°39 -) D Dayı: 
“amip, DYD | 


TLF Dari =0 
[L+y] -5 


Using (2) we have (8) if and only if 
(9) 


A'S‘ : S S o) 3?f(- , -9D ; 
D; P;— WH fj 
DAI eS ax,Op, D Py 


-1 
S o) Dag 
ja. mdp . D7 
lFor a detailed derivation, see my paper with 
Kalman (1972, pp. 343-45). 


i 
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However, by the theorem on expansion by 
alien cofactors, we know that. 


D,,p,+D,,=9, 
Jitj ni 


j=l 
Hence, (9) if and only if (5). 


The necessary and sufficient condition in 
(5) constitutes the most general condition 
under which the commodity demand func- 
tions are HDO, and completely characterizes 
the class of utility functions which yields 
illusion-free commodity demand functions . 
(i.e., the JFDF class). It tells us that the 
economic responses to the equipropor- 
tionate change in p, L, y (i.e. the money 
illusion experiment), as it impacts through 
the marginal utility functions and through 
the budget constraint, must of course be — 
completely offsetting in equilibrium, so that 
commodity demands remain unchanged. 
Much more important, the condition in (5) 
has useful implications. Note ‘that (5) im- 
poses no homogeneity requirement of any 
kind on the utility function, on the marginal 
utility functions, or on the marginal rate of 
substitution functions. The last is particu- 
larly important. It is possible for the indif- 
ference surfaces to shift in response to the 
money illusion experiment, and for the 
marginal rates of substitution in (3) to vary, 


_and still for demand to remain unaltered. 


We are reminded that the MRSs are func- 
tions, having x, m, and p as arguments, 
which (for the illusion-free demand out- 
come) need to.exhibit unchanged commod- 
ity demand values at the solution point (i.e., 
in equilibrium), but need not themselves be 
invariant. The complete characterization of 
the JFDF class thus admits utility functions 
whose commodity MRS MENOS are non- 
homogeneous,” 


2It may be the case that standard utility functions 
generate all illusion-free demand functions. Just as it 
may be true that nonhomogeneous utility functions 
also generate all illusion-free demand functions. The. 
direct characterization of demand, however, is not the 
issue. The issue is characterization of utility, i.e., the 
class of utility functions which yield illusion-free de- 


mand functions. 
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Now consider the class of utility functions 
which are derivable from a standard (ie., 
HDO) utility function by order-preserving 
transformations. Let u(x, m, p) be HDO in 
m and p, and @ be any positive monotonic 
transformation of u(x, m, p). The resulting 
class is given by 


(10) 
ti(x, m, p)=9[ u(x, mM, p)J, ọ[u] >0 


It is easy to show, since u(x, m, p) is HDO 
in m and p, that all utility functions in this 
class exhibit homogeneous MRS functions. 
The class obviously does not contain utility 
functions which exhibit nonhomogeneous 
MRS functions. However, we know from 
the complete characterization of the JFDF 
class derived above that there exist some of 
the latter (i.e., some nonhomogeneous utility 
functions having nonhomogeneous MRS 
functions) which yield illusion-free demand 
functions. Hence, since these nonhomoge- 
neous utility functions are not contained in 
(10) it must be the case that they differ 
ordinally from the standard utility function. 

A by-product of the complete char- 
acterization of the JFDF class is a release 
from the use of homogeneity restrictions as 
a means for attaining illusion-free demand 
functions. The results free monetary econ- 
omists from fixation on homogeneity (in the 
utility function, in the marginal utility func- 
tions, or in the MRS functions) and on the 
invariance of the MRS functions. A homo- 
geneity assumption is no longer required in 
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order to have a homogeneity result. That 
these nonhomogeneous utility functions ex- 
ist is important in completely characterizing 
utility theory.? 


3The results reported herein constitute a further, and 
final, development of the analysis of money illusion 
first initiated in my 1974 paper with Kalman, and 
should be taken as representing our final position. A 
more complete exposition appears in my 1977 paper 
with Kalman, 
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Utility Function Transformations and Money 
Illusion: A Further Comment 


By PETER HOWITT AND DON PATINKIN* 


Our preceding comment in this issue 
makes two points: 

1) A specific one, that the Dusansky- 
Kalman (D-K) papers (1974, 1976) specify 
utility functions which are actually mono- 
tonic transformations of standard ones (Le., 
functions which are homogeneous of degree 
zero (HDO) and thus provide only a spuri- 
ous generalization of the class of utility 
functions that generate demand functions 
which are free of money illusion. 

_ 2) A general one, consisting of the dem- 
onstration of the basic proposition that a 
necessary and sufficient condition for de- 
mand functions to be free of money illusion 
is that they be derivable from a standard 
utility function. 

Ostensibly, Dusansky has provided a 
“reply” to our comment; actually he has not 
dealt with either of the preceding points. 
Thus, instead of defending the original D-K 
conditions on utility functions, he implicitly 
accepts our criticism of them by replacing 
them with yet another set of conditions. He 
then attempts to create the impression that 


differ operationally from the standard utility 
function, that is, they yield the same de- 
mand functions; and we explicitly em- 
phasize in footnote 6 of our comment that 
our proof implies that “the class of utility 
functions that are operationally equivalent 
to HO) functions is broader than the class of 
monotonic [i.e., order-preserving] transfor- 
mations” (p.821). Because of this failure on 
Dusansky’s part to distinguish between “op- 
erationally” and “ordinally,” he also fails to 
realize that his new conditions, though free 
of the specific defect that we noted in the 
original ones, nevertheless share with them 
the general defect that they provide no more 
than a spurious generalization of the stan- 
dard class of utility functions.! 

The basic point here (and the one essen- 
tially made in our comment, fn. 6) is that 
once prices enter utility functions, it is no 
longer true, as it is in standard consumer 
theory, that for two utility functions to yield 
the same demand function they must be 


` positive monotonic transformations of each 


this new set of conditions somehow refutes. 


our foregoing basic proposition; actually, 
however, the proposition which Dusansky 
attributes to us and devotes his reply to 
refuting with the aid of some elaborate 
mathematics is one that we have explicitly 
pointed out to the reader that we have not 
made. . 
Specifically, Dusansky attributes to us the 
view that nonhomogeneous utility functions 
which yield illusion-free demand functions 
“do not differ ordinally from the standard 
utility function” (p.823). What our foregoing 
basic proposition actually claims and proves, 
however (and Dusansky has not challenged 
the validity of this proof), is that they do not 
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other. The intuitive explanation of this fact 
is that the entry of prices into the utility 
function creates an additional interdepen- 
dence between it and the budget restraint 
that precludes certain combinations of 
(x,m, p) from ever being chosen by the 
household as optimal ones. Hence two dif- 
ferent utility functions—-u(x, m, p) and 
f(x, m, p)——need not provide the same 
ordering of these “unchooseable” combina- 
tions in order to yield the same demand 
functions. 

As a simple illustration of this point, con- 
sider the case of a single consumable good, 
where n=I, so that budget restraint (6) of 


lIn fn. 2 of his reply, Dusansky effectively says that 
even nonoperational differences between utility func- 
tions constitute an issue for him. It is difficult to 
understand why. 
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our note reduces to 


x+ — = — 
P P 

It follows that every possible budget line 
in (x,m/p) space has a slope of —1 (see 
Figure 1). Consider now two different 
utility functions which generate the same 
illusion-free demand functions, represented 
by the expansion path OF in the figure (the 
absence of money illusion manifests itself in 
the uniqueness of the expansion path in 
(x,m/p) space; i.e., in its dependence on 
the ratio of m to p, and not on their individ- 
ual values). Let the first utility function be a 
nonstandard (i.e. nonhomogeneous) one, 
say h(x, m, p), whose money illusion mani- 
fests itself in the fact that its indifference 
curves in the figure cannot be drawn without 
first specifying the price level p. (Thus all 
variations in m/p in the figure are now 
assumed to be variations in m with p held 
constant.) Suppose in particular that this 
utility function has the solid indifference 
curves when the price level is py, but has the 
dashed indifference curves when the price 
level is p,. Since h(x, m, p) is assumed to 
generate the expansion path OE, the points 
on both sets of these curves whose marginal 
rate of substitution of x for m/p is unity 
must all lie along 0E; and the same would 
be true for the indifference curves of 
h(x, m, p) drawn for any value of p. 

Now, our basic proposition states that the 
illusion-free expansion path OE can also be 
derived from a standard, illusion-free utility 
function, say g(x, m/p). Clearly, the points 
on the indifference curves of this function 
whose marginal rate of substitution of x for 
m/p is unity must also all lie along 0E. For 
simplicity, let these indifference curves also 
be represented by the solid ones in the fig- 
ure. From the fact that these curves inter- 
sect with the dashed ones (at which points, 
of course, the marginal rates of substitution 
must differ) it is clear that the utility func- 
tions g(x,m/p) and h(x,m, p) do not 
represent the same system of ordinal prefer- 
ences: that is, they are not positive mono- 
tonic transformations of one another. It is, 
however, also clear that this difference be- 
tween the utility functions is not observable, 
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FIGURE 1 


and hence not operational, for their mar- 
ginal rates of substitution can differ only at 
points that the consumer would in any event 
never choose.” 

We note finally that this figure enables us 
to provide an even more meaningful state- 
ment of the necessary and sufficient condi- 
tion for generating illusion-free demand 
functions. We begin by observing that the 
assumption that the nonhomogeneous utility 
function h(x,m, p) generates the illusion- 
free expansion path OE implies that the 
marginal rate of substitution of x for m/p 
specified by this utility function for any 
point on this path depends only on the ratio 
of m to p, and not on their individual val- 
ues. This means that even if the utility func- 
tion is not HDO in m and p at these points, 
the function representing the marginal rate 
of substitution must be; conversely, the 
marginal rate of substitution function can 
be nonhomogeneous only at points that are 
off the expansion path, and hence nonob- 
servable. Thus a necessary and sufficient 
condition for demand functions to be HDO 


2It has not escaped our notice that this figure sug- 
gests an obvious proof that, in contrast to standard 
consumer theory, once prices enter utility functions 
there are generally no integrability conditions allowing 
one to infer a unique ordinal preference mapping 
from observed demand behavior. See also Robert 
Pollak, p. 70. 
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in m and p is that the marginal rate of 
substitution function be HDO in these varia- 
bles at all observable points.? This proposi- 
tion is almost self-evident; we have stated it 
here only because of the necessity to set the 
record straight.‘ 


3In the case of n> 1, there are the usual technical 
problems of defining an appropriate price index p by 
which to deflate nominal money balances. In order to 
avoid such problems, this condition should then be 
stated in the following equivalent manner: that the 
MRS functions (3h/3x; )/(8h/dm) (i= 1,...,) be hò- 
mogeneous of degree one in m and p at all observable 
points. This can readily be demonstrated from utility- 
maximization conditions (6)—-(7) of ‘our original com- 
ment, with u( } replaced by A(). 

‘In particular, Dusansky is in error when he states 
that the necessary and sufficient condition for com- 
modity demand functions to be HDO “imposes. no 
homogeneity requirement of any kind on the utility 
function, on the marginal utility functions, or on the 
. marginal rate of substitution functions. The last is 
particularly important” (p. 824). Dusansky’s error stems 
- from his failure to examine the properties of the margi- 
nal rate of substitution functions at the observable 
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points—-which are, of course, the only operationally 


meaningful ones. 


On the Comparison of the Stability Implications 
of Marshallian and Walrasian 
Adjustment Schemes: Note 


By IAN M. MCDONALD* 


Axel Leijonhufvud has argued that 


In the Keynesian macrosystem the Mar- 
Shallian ranking of price- and quantity- 
adjustment speeds is reversed: In the 
shortest period flow quantities are 
freely variable, but one or more prices 
are given, and the admissible range of 
variation for the rest of prices is 
thereby limited.... The “revolution- 
ary” element in the General Theory can 
perhaps not be stated in simpler terms 
. [p. 52].. 
This has become a highly influential view. 
For example, Milton Friedman concurred 
when he argued that Keynes “... deviated 
from Marshall, and it was a momentous 
deviation,... in reversing the roles assigned 
to price and quantity. He assumed that, at 
least for changes in aggregate demand, 
quantity was the variable that adjusted 
rapidly, while price was the variable that 
adjusted slowly, at least in a downward di- 
rection” (p. 209). 


‘More recently James Tobin has argued 


that one way to appreciate the importance 
of this change of dynamic structure is to 
analyze the stability implications of Mar- 
shallian and Walrasian adjustment pro- 
cesses. Tobin argues persuasively that 
' Keynes’ achievement was to show that, in a 
capitalist economy, market forces may be 
too weak to generate a full-employment 
equilibrium. Describing Keynes’ achieve- 
ment in this way renders irrelevant the Pigou 
argument that Keynes failed to establish the 
existence of an underemployment equi- 
librium. Thus Tobin writes “(t]he real issue 
is not the existence of a long-run static equi- 
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librium with unemployment, but the possi- 
bility of protracted unemployment which 
the natural adjustments of a market econ- 
omy remedy very slowly if at all” (pp. 195- 
96). 

In the light of these arguments Tobin 
develops two simple macro models, one re- 
flecting the Walras-Keynes-Phillips (W-K-P) 
adjustment relation and the other reflecting 
the Marshallian (M) adjustment relation. It 
is clear from Tobin’s analysis that the speed 
of adjustment of price and quantity is not 
the only characteristic distinguishing the 
Marshallian and Walrasian approaches. The 
functional specification of the two adjust- 
ment processes is also different in that 
“Marshallian adjustment in a particular 
market is that quantity adjusts to the dif- 
ference between demand price and supply 
price for existing quantity. Walrasian ad- 
justment is that quantity adjusts to the dif- 
ference between demand and supply at ex- 
isting price” (Tobin, p. 196). 

This comment endeavors to make the fol- 
lowing points on Tobin’s analysis: 

1) Tobin’s statement of the stability 
condition of the W-K-P model is incorrect 
—the correct stability condition is in fact 
more restrictive. 

2) Tobin’s specification of the M model 
is, as Tobin himself is aware, “... separable 
into output and price equations.” Further- 
. is a stable 
differential equation...” (p.200). This 
avoids the question of whether the Marshal- 
lian adjustment mechanism will in fact yield 
a stable model in output as well as price. An 
output equation in keeping with Tobin’s 
statement of the Marshallian adjustment 
process is specified below, The condition for 
stability is derived and shown to be weaker 
than the W-K-P condition. 
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Tobin’s W-K-P model consists of the fol- 
lowing equations » 


a) DY=4,(E(P,x,Y)— Y) 
D  -=l=4,(¥-¥*) +x 
(3) Dx=A,(1I-x) 


where Y=aggregate output 
E=aggregate demand = E(P, x, ¥) 
P=price level 
x =expected rate of inflation 
and A,, A,, A,>0 and the derivatives of the 
function of Ei are restricted by £,<0,E,, E, 
>0. 
By substituting (2) into (3) and linearizing 
the resulting equations, the system can be 
written as 





91 |4(4-)-D 4A,E, AyE, 
Oo |=|. A,P* —D P* 
40 A,A, |. 0 -D 
y— Sy 
P—P* 
X 








where Y* = Y and P* = P are the equilibrium 
values. >. 

To derive the stability conditions, I derive 
the characteristic equation of me matrix. 
This can be written 


0=a,D?+a,D?+a,D+a, 
where a= 


ni —A,(E,—1) 


=—A,A(E,P*+E,A,) 


oe = —A,A,E, P*A, 
The Routh-Hurwitz conditions for stability 
(see Paul Samuelson, p. 432) are 
ag>O 
a,>0 
a,>0 
. Aaz>0 


a,a.~a,a,>0 
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The condition a,>0 is implied by the other 
conditions. Clearly the restrictions on the 
partial derivatives of E imply a,>0. Fur- 
thermore if E,<1 then a, >0. The remain- 
ing condition, @,@,—a,a,>0, reduces to — 


E,P*+E,A,<— a A co 
 A,(E,—1) 


This condition is more restrictive than the 
condition Tobin labels “[t]the critical neces- . 
sary condition” (p. 199). Tobin’s condition 
is 


E,P*+E,A,<0 


which, while sufficient to ensure that a, >Q, 
is not sufficient to ensure that a,a,—a)a,> 
0, and thus not sufficient for stability. 

Inspection of the true condition reveals 
that the greater is A,, the speed of adjust- 
ment of output, and the smaller is E, the 
marginal propensity to consume, the more 
likely is the W-K-P model stable. However, 
the effect of E, on stability is ambiguous. 
Only if 

A 


x 


See 
A,(1—E,) 


is Tobin’s conclusion that a “strong negative 
price-level effect on aggregate demand... 
[is] conducive to stability” (pp. 199-200) 
correct. On the other hand Tobin’s conclu- 
sions that “a weak price-expectation effect, 
and a slow response of price expectations 
to experience are conducive to stability” 
(pp. 199-200), are correct. | 


te 
Tobin’s M model is 
| TI=B(E-Y)+x 
DY=B,(Y*— Y) 
Dx=A,(TI—x) 


The inflation equation captures the idea that 
price, rather than quantity, reacts to dif- 
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ferences between aggregate demand and ag- 
gregate output. As noted above, the output 
adjustment equation is separabie from the 
rest and implies that output always, adjusts 
to the equilibrium level, regardless‘ of the 
magnitude of the other variables of the model. 
In particular output is independent of price 
and expected price. Now this is not incon- 
sistent with Tobin’s description of the 
Marshallian adjustment process (as quoted 
above) if it is assumed that the supply curve 
for output of each firm is vertical. However if 
the expected rate of inflation adjusts to- 
wards the actual rate by the Cagan learning 
hypothesis, then it is reasonable to argue, as 
it has been argued at length in the literature 
(see Edmund Phelps et al.), that the firm’s 
ex ante supply curve might have a less than 
vertical slope. That is to say, if expectations 
are slow to adjust, a firm can increase 
employment and output at least temporarily 
in response to an increase in demand. This 
suggests respecifying the output adjustment 
equation as 


Y—Y*=B (II—x) 


If the actual rate of inflation exceeds (falls 
short of) the expected rate, aggregate output 
will be greater (less) than the “full-employ- 
ment” level of output. This equation incor- 
porates in dynamic terms the dependence of 
output adjustment on price which is 
emphasized in the Marshallian adjustment 
process. The expected rate of inflation af- 
fects wages and thus supply price whilst the 
actual rate affects the demand price. 
The proposed M system is 


T=B{E(P, x,Y)—Y}+x 
. ¥— Y*=B (Il-x) 
Dx=A,(TI—x) 
The steady-state solution is where 
Dx=x=II=0 


This implies the natural rate of unemploy- 
ment equilibrium solution 


E=Y=y* 
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To analyze whether market forces will 
lead the system to the equilibrium solution, 
we can re-express the system as the follow- 
ing two-differential-equation system 








Y 7 B, 
0=3, z(P,11- k a — r| 
B, 
_Y-yY* 
b, 


The characteristic equation is 


=D? BE, ~ Fr 





¥ 
ea, 
+D BP E,+A,E,) 
B,P*A,E, 
B, 


The necessary and sufficient condition for 
stability is 


P*E,+4,E,<0 


and A E 


B, B, 


The first part of this condition is identical to 
the condition Tobin derives for his M model. 
However, there is an important difference in 
interpretation. Tobin’s condition only ap- 
plies to the price level; output in Tobin’s 
model is stable, that is, approaches the 
equilibrium level, whatever the size of the 
adjustment parameters and the partial deriv- 
atives. In the M model put forward here, the 
stability condition refers to output as well as 
the price level. Thus it is possible for the M 
model to generate unemployment if the sta- 
bility condition is not met. 


I 


A comparison of the two systems reveals 
several interesting points. 
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1) The level of output in either the 
W-K-P or the M model can be unstable. 
Thus the difference between the stability 
implications of the two types of adjustment 
processes is not as clear cut as suggested by 
Tobin’s treatment. However, Tobin’s gen- 
. eral conclusion that “with stable. monetary 
and fiscal policy, combined with price and 
wage flexibility, the adjustment mechanism 
of. the economy may be too weak to 
eliminate persistent unemployment” (pp. 
201-02), is strengthened since it follows not 
only if entrepreneurs follow the Walrasian 
adjustment process, but also if they follow 
the Marshallian adjustment process. Thus 
the analysis of this paper strengthens Tobin’s 
case against fixed rules of monetary growth 
and fiscal policy. 

2) The role of the marginal prospensity 
to consume in the stability conditions 
deserves comment. For the Marshallian for- 
mulation stability is possible even if the 
marginal prospensity to consume is greater 
than one—indeed the slower is the speed of 
adjustment of output (B, ) and of price (B, ), 
the greater the margin over unity which the 
marginal prospensity to consume can take 
without causing instability. For the W-K-P 
model, the maximum possible value of the 
marginal prospensity to consume consistent 
with stability is less than one. It is also 
interesting to observe that the quantity 
adjustment coefficient (A,) enters the sta- 
bility condition of the Walrasian model but 
that the smaller is this coefficient the more 
unstable the economy. 

3) The possibility of instability in either 
model can be related to the expectations 
formation mechanism. If expectations are 
assumed to be determined exogenously, then 
A,=0 and both models would be stable 
whatever the size of the other functional 
relations. It is also the case that the “Phillips 


loops” generated by an exogenous cycle in 


output can be related to this expectational 
parameter. In the W-K-P model 


DIl=A,A,(Y— Y*)+A,DY 
In the M model 


DY 


A 
DIl= —=(Y— Y*)+ = 
B, | ) By 
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At the cyclical peak in output, DY=0 and 
Y— Y*>0, implying DII >Q in both models 
and thus clockwise Phillips loops: for the 
W-K-P, model, the same point has been 


-~ made by Frank Brechling and by Herschel 


Grossman. I have shown elsewhere that, for 
several versions of the Walrasian model, 
those versions which yield clockwise loops 
can be unstable while those which yield 
counterclockwise Phillips loops are stable. 
The models studied here give further sup- 
port to the proposition that there is a link 
between the nature of the Phillips loops and - 
the possibility of stability. 

4) Alfred Marshall modified his dy- 
namic structure by introducing the concept 
of the normal price (see pp. 374-77). The 
effect of excess demand on changes in the 
price level is mitigated to some extent by the 
difference between the actual price and the 
entrepreneur's concept of the normal price. 
The latter is not the same as the expected 
price—it is a longer-run concept and may 
be regarded as the average price over the 
trade cycle (see Edward Kuska for an ap- 
plication of this concept to the labor market). 
Since the money supply and the fiscal bal- 
ance are held constant over the cycle in the 
models studied in this paper, the concept of 
the normal price can be included by re- 
specifying the price adjustment relation as 


Il=B(E-Y)+x—k(P—Py) 


where Po=“normal” price. Replacing the 
price adjustment equation in the proposed 
M system with the above the crucial stabil- 
ity condition becomes 
* 
PE, +A, E,— a <0 
B 
P 
Clearly this is a less stringent condition and 
so the introduction of the damping factor of 
normal price is a stabilizing force. 
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NOTES 


The Professional Placement Service will be held 
December 28-30, 1980, at the Dallas Hilton, Dallas, 
Texas. Operating hours will be December 28, 10:00 
A.M.~5:00 P.M.; December 29, 9:00 am.—5:00 P.M; 
December 30, 9:00 a.M.—2:00 P.M. Special room rates 
have been established: $26/single; $30/doubles and 
twins; $50/one-bedroom suites; $75/two-bedroom 
suites. Hotel reservation cards will be mailed upon 
receipt of request for placement forms. 

Request for placement forms should be made to 
Ms. Janet Aschenbrenner, National Registry for 
Economists, Illinois Job Service, 40 West Adams Street, 
Chicago, IL 60603 no later than November 15. Com- 
pleted forms must be returned by December 1. You do 
not have to attend to have your listing an file. There is 
no registration fee. 


Since 1946, Joseph A. Livingston, now ass2ciated 
with the Philadelphia Inquirer, has been conducting a 
systematic survey of economic forecasts by = small 
group of business and academic economists. The cross- 
section responses to these survey questions over the 
period 1946—79 are now available from the Research 
Department of the Federal Reserve Bank of Phila- 
delphia. Researchers interested in obtaining the Living- 
ston data set on magnetic tape or desiring additional 
information should contact Carole Moeller, Research 
Department, Federal Reserve Bank of Philadelphia, 
100 North Sixth Street, Philadelphia, PA 19106. There 
will be no charge provided the tape is returned to the 
Federal Reserve Bank of Philadelphia. 


Call for Papers; The annual meeting of the South- 
western Finance Association will be held March 5-8, 
1981, at the Fairmont Hotel, New Orleans, Louisiana. 
Persons wishing to present a paper should submit a 
two-page abstract by September 15. Those wishing to 
participate as a discussant or session chairman should 
indicate their areas of interest in a brief letter. All 
topics of finance will be considered, including real 
estate, special decision science approaches to finan- 
cially oriented problems, and other issues related to 
accounting and finance. Send material to Professor 
Stanley Block, Program Chairman, M. J. Neeley School 
of Business, Texas Christian University, Fort Worth, 
Texas 76129. 


Call for Papers: The annual meeting of the History 
of Economics Society will be held June 1—3, 1981, at 
Kellogg Center, Michigan State University. Suggestions 
for topics and speakers are invited, as are proposals for 
papers. Please send to the President-Elect Warren J. 
Samuels, Department of Economics, Michigan State 
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University, East Lansing, MI 48824. Please submit be- 
fore December 1, 1980. 


The Secretary of the American Economic Associa- 
tion calls attention to the policy adopted by the Execu- 
tive Committee in 1980 of granting complimentary 
memberships to all members sixty-eight years of age or 
older who have: retired from their professional activi- 
ties, provided they have been members of the Associa- 
tion for twenty years or more. These complimentary 
members do not receive the Association’s publications 
but are entitled to all other rights and privileges of 
membership. 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United State, Mexico, and Canada that are 
concerned with the humanistic aspects of their disci- 
pline are eligible to apply for small travel grants of the 
American Council of Learned Societies. Financial 
assistance is limited to air fare between major commer- 
cial airports and will not exceed one-half of projected 
economy-class fare. Social scientists and legal scholars 
who specialize in the history or philosophy of their 
disciplines are eligible if the meeting they wish to 
attend is so oriented. Applicants must hold a Ph.D. 
degree or its equivalent, and must be citizens or perma- 
nent residents of the United States. To be eligible, 
proposed meetings must be broadly international in 
sponsorship or participation, or both. The deadlines for 
applications to be received in the ACLS office are: 
meetings scheduled between July and October, March 
l; for meetings scheduled between November and 
February, July 1; for meetings scheduled between 
March and June, November 1. Please request applica- 
tion forms by writing directly to the ACLS (Attention: 
Travel Grant Program), 345 East 46th St, New York, 
NY 10017, setting forth the name, dates, place, and 
sponsorship of. the meeting, as well as a brief statement 
describing the nature of your proposed role in the 
meeting. Even when plans are incomplete, a prospec- 
tive applicant should request forms in advance of the 
cut-off date, since deadlines are firm and no exceptions 
are permitted. Awards will be announced approxi- 
mately two months after each deadline. 


The Eleventh International Atlantic Economic Con- 
ference will be held at the London School of Econom- 
ics, August 14-21, 1981. The theme will be “Interna- 
tional Kaleidoscope.” Those wishing to present a paper 
must submit two copies of a 500-word summary prior 
to November 1, 1980, with a separate cover sheet giving 
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(1) Name/Location of conference; (2) Name(s) of 
authors; (3) Institution or affiliation; (4) Full mailing 
address; (5) Telephone number; (6) Number and name 
of primary category of the paper. A submission fee of 
$30.00 (U.S.) is required. Those wishing to be discus- 
sants or chairmen should also submit to John M. Virgo, 
International Program Chairman, Atlantic Economic 
Conference, Box 258, Worden, IL 62097. 


The National Humanities Center will admit ap- 
proximately forty Fellows for the academic year 
1981-82. Fellowships are available for Young Fellows 
(scholars three to ten years beyond the doctorate), 
Senior Fellows (scholars more than ten years beyond 
the doctorate), and Fellows for the following special 
seminars: “Energy and the Values of Modern Society”; 
“The Idea of a Profession”; “The Charles Frankel 
Seminar on Citizenship.” The Center will provide full 
support to some Fellows at the level of their normal 
academic salaries and encourages application for resi- 


dence from Fellows who have full or partial support 


from other sources. The deadline for applications is 
January 10, 1981, except for-scholars from European 
nations, who should apply by. December 10, 1980, to 
Dr. Raymond Georis, European Cultural Foundation, 
51 Rue de la Concorde, 1050 Brussels, Belgium. All 
others may obtain information and applications from 
the National Humanities Center, P.O. Box 12256, Re- 
search Triangle Park, North Carolina 27709. 


The Division of Science Resources Studies of the 
National Science Foundation announces the continua- 
tion of its Program for the Analysis of Science Re- 
sources. Grants will be awarded for studies focusing on 
aspects of training and employment of scientific and 
technical personnel, funding of scientific and technical 
activities, and outputs and impacts of scientific and 
technical activities. Proposals may be submitted at any 
time; however, they should be received by November 
14, 1980 to insure consideration for funding in the 1981 
fiscal year. Most awards are expected to be for one to 
two person-years of effort. You may obtain the an- 
nouncement for the Program for the Analysis of Science 
Resources (NSF 80-19) from Division of Science Re- 
sources Studies, National Science Foundation, 1800 G 
Street NW, Washington, D.C. 20550. 


Harvard Law School offers four or five Liberal Arts 
Fellowships to college and university teachers in the 
arts and sciences for the academic year, 1981-82. The 
purpose of the fellowships is to enable teachers in the 
social sciences or humanities to study fundamental 
. techniques, concepts, and aims of law. Fellowship 
holders will take at least two first-year courses in law, 
in addition to more advance courses, and will par- 
ticipate in a joint seminar. The year of study will not 
count toward a degree. The fellowship grant covers 
tuition and health fee only. Applications should include 
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a biographical resume (including academic record and 
list of publications), a statement explaining what the 
applicant hopes to achieve through his year of study, 
and two letters of recommendation (mailed to the 
Chairman directly from the referees). There is no spe- 
cial application form. The deadline for 1981-82 is 
January 15, 1981. Submit applications to the Chairman, 
Committee on Liberal Arts Fellowships, Harvard Law 
School, Cambridge, MA 02138. Awards will be an- 
nounced before February 15, 1981. 


On December 3-7, 1980, the Institute for Dem- 
ocratic Socialism will hold a conference, “Eurosocial- 
ism and America: An International Exchange,” at the 
Capital Hilton, Washington, D.C., funded by the Ger- 
man Marshall Fund of the United States. For more 
information, contact Nancy Lieber, Conference Direc- 
tor, Institute for Democratic Socialism, 853 Broadway, 
Suite 801, New York, NY 10003 (telephone 212 +260- 
3270). 


The 1979 winner of the Leonard J. Savage Thesis 


-Award for an outstanding thesis in Bayesian economet- 


rics and statistics was Kevin James McConway for his 
dissertation, “The Combination of Experts’ Opinions in 
Probability Assessment: Some Theoretical Consider- 
ations,” completed at the University College London. 
The Thesis Evaluation Committee included Edward E. 
Leamer, Chairman, Christopher B. Barry, Richard E. 
Kihlstrom, John W. Pratt, and Arnold Zellner 


(ex officio). 


Deaths 


Lubomir A. D. Dellin, professor of economics, Uni- 
versity of Vermont, Mar. 9, 1980, 

Bob R. Holdren, professor of economics, Iowa State 
University, Jan. 1, 1980. 

Chester Morgan, professor of economics, University 
of Iowa, Feb. 29, 1980. 

Michael L. Visscher, assistant professor of econom- 
ics, Ohio State University, Feb. 20, 1980. 


Retirements 


Paul G. Craig, professor of economics, Ohio State 
University, June 1980. 

David B. McCalmont, associate professor of eco- 
nomics, Ohio State University, June 1980. 

Herbert S. Parnes, professor of economics, Ohio 
State University, Aug. 1980. 

David I. Siskind, assistant division chief, Construc- 
tion Statistics Division, Bureau of the Census, Feb. 29, 
1980. 


Promotions 


Esmond T. Adams; professor, department of eco- 
nomics, Central Missouri State University, Sept. 1, 1980. 
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Patrick J. Corcoran: chief, Business Conditions Di- 
vision, domestic research department, Federal Reserve 
Bank of New York, Mar. 13, 1980. 

Paul H. Engelmann: associate professor, department 
of economics, Central Missouri State Uncversity, Sept. 
1, 1980. 

William C. Melton: chief, Monetary Analysis Divi- 
sion, domestic research department, Federal Reserve 
Bank of New York, Feb. 28, 1980. 

Barron A. Peake: associate professor of economics, 
Golden Gate University, July 1979. 

Rao N. Singamsetti: associate professcr of econom- 
ics, Austin Dunham Barney School of Business, Uni- 
versity of Hartford, Sept. 1, 1980. 

John A. Wenninger: research officer and senior 
economist, Research and Statistics Function, Federal 
Reserve Bank of New York, Mar. 1, 198C. 


Administrative Appointments 


William A. Fitzsimmons: assistant vice president, 
systems planning, New York Stock Exchange, Product 
Development Division, Apr. 11, 1980. 

William E. Gibson: senior vice president, McGraw- 
Hill, Inc., Mar. 31, 1980. 

Katherine B. Magrath: director of equity invest- 
ments, Ford Foundation, March 1980. 

Barron A. Peake: director, Executive MBA Pro- 
gram, Golden Gate University, July 1979. 

Mark B. Schupack: associate provost, Brown Uni- 
versity, July 1, 1980. 

Ronald Tiersky, Amherst University: director, 
Bologna Center, School of Advanced International 
Studies, Johns Hopkins University, 1980-81. 

Bernard L. Weinstein: associate director for federal 
affairs, Southern Growth Policies Board. Washington, 
D.C., Feb. 1980. 


Appointments 


Richard G. Anderson, Michigan Staite University: 
assistant professor, department of economics, Ohio 
State University. 

-Emst R. Berndt, University of British’ Columbia: 
professor of applied economics, The Sloan School, 
M.LT., July 1, 1980. 

John Boschen, Brown University: economist, Board 
of Governors of the Federal Reserve System, Sept. 
1980. 

Stanford Calderwood: visiting professor, economics 
department, Wellesley College, Jan. 1981. 

Donald C. Cox: economist, Business Conditions Di- 
vision, domestic research department, Federal Reserve 
Bank of New York, Jan. 16, 1980. 

John B. Chilton, Brown University: lecturer, depart- 
ment of economics, Faculty of Social Sciences, Univer- 
sity of Western Ontario, Sept. 1980. 

Evangelos M. Falaris, University of North Carolina- 
Chapel Hill: assistant professor, department of eco- 
nomics, Ohio State University. 
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Robert Gough: visiting professor, economics depart- 
ment, Wellesley College, Sept. 1980. 

Marvin L. Hayenga: associate professor, department 
of economics, Iowa State University, Jan. 22, 1980. 

Richard W. Heaps: assistant professor of econom- 
ics, University of Vermont, Sept. 1980. 

` Michael Horrigan: assistant professor of economics, 
Williams College, July 1, 1980. 

Richard A. Jensen, Northwestern University: assis- 
tant professor, department of economics, Ohio State 
University. 

Clive V, Jones: instructor in economics, Division of 
Social Sciences, University of Colorado-Denver, Jan. 
1979, 

Edward C. Kienzle, Central Connecticut State Col- 
lege: assistant professor of economics, Stonehill Col- ` 
lege, Sept. 1, 1980. 

Nancy J. Kimelman, Occidental College: economist, 
research department, Federal Reserve Bank of Dallas, 
Sept. 1980. 

David Lindauer: assistant professor, economics de- 
partment, Wellesley College, Jan. 1981. 

John J. Merrick, Jr., Brown University: assistant 
professor of finance, Graduate School of Business Ad- 
ministration, New York University, Sept. 1980. 

Len Nichols: instructor, economics department, 
Wellesley College, Sept. 1980. 

Diann Painter: associate professor, economics de- 
partment, Wellesley College, June 1980. 

Michael T. Rabbitt, Washington University (St. 
Louis): assistant professor, department of economics, 
Central Missouri State University, Sept. 1, 1980. 

Susan Randolph: instructor, economics department, 
Wellesley College, Jan. 1981. 

Jess A. Robinson: instructor, department of eco- 
nomics, lowa State University, Feb. 15, 1980. 

Elyce Rotella: assistant professor, economics depart- 
ment, Wellesley College, Sept. 1980. 

Morton O. Schapiro: assistant professor of econom- 
ics, Williams College, July 1, 1980. 

Joyce Shackett: assistant professor, department of 
economics, University of Missouri-Columbia, Sept. 1, 
1980. 

Steven Swidler, Rice University: assistant professor 
of business administration, University of Wisconsin- 
Milwaukee, Sept. 1980. 

Rona Wilensky: assistant professor of economics, 
Williams College, July 1, 1980. 

Richard J. Wilike, Johns Hopkins University: assis- 
tant professor, department of economics, Ohio State 
University. 

Arthur G. Woolf: assistant professor of economics, 
University of Vermont, Sept. 1980. 


Resignations 


Charles C. Cox, Ohio State University: Texas A&M 
University, Sept. 1980. 

Robert A. Driskill, Ohio State University: Univer- 
sity of California-Davis, June 1980. 

Tatsuro Ichiishi, Carnegie-Mellon University, Aug. 
25, 1980. 
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Editor’s Note: The editorial office of the American Economic Review will move to the 
University.of California~Los Angeles, January 1, 1981. The new managing editor will be 
Professor Robert W. Clower. Starting October 1, 1980, please address all new manuscripts to 
the American Economic Review, Editorial Office, University of California, Los Angeles, CA 
90024. | 

Correspondence with Segard to manuscripts submitted before October 1 should be sent to. 
the present editorial office at Brown University, Providence, RI 02912. 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 


A, Please use the following categories: . 


1—Deaths - 6-—New I OER E 
2— Retirements 7-~Leaves for Special aa (N OT Sabbaticals) 
3— Foreign Scholars (visiting the USA or Canada) 8-—Resignations 
4 Promotions 9-—Miscellaneous 
5— Administrative Appointments ra 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or epeclintent: 
her new title (if any), and the date at which the change will occur. ‘ 


C. Type each item on a separate 3x5 card and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, October 15; June, January 15; September, April 15; 
December, July 15. 


This announcement supersedes and replaces a letter which was sent annually from the managing editor’s office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
University, Providence, Rhode Island 02912. À ; 


CALL FOR PAPERS 


1981 MEETINGS 


of the 


AMERICAN ECONOMIC ASSOCIATION 





Members wishing to give papers or to make suggestions for the pro- 
gram of the meetings to be held in Washington, D.C., December 28-30, 1981, 
are invited to write to Professor Gardner Ackley, Department of Economics, 
The University of Michigan, Ann Arbor, MI 48109. As in the past, the ses- 
sions sponsored by the American Economic Association will be of two types: 
invited papers and contributed papers. Most of the invited papers will be pub- 
lished in the Papers and Proceedings issue of the American Economic Review 
of May 1982; the contributed papers will not be so published. Suggestions of 
topics: or proposals of papers for the invited sessions should be submitted as 
soon as possible. Abstracts of proposed contributed papers must be received 
-no later than March 1, 1981. Econometric studies or highly mathematical 
papers are not appropriate for the sessions sponsored by the American Eco- 
nomic Association. However, members wishing to present econometric papers 
may submit their proposals or abstracts to the Econometric Society which 
meets with the American Economic Association and normally schedules a 
number of sessions involving such papers. 
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Importance... 








New 1981 Titles From P-H 








THE ECONOMIC PROBLEM, 

Sixth Edition 
Robert L. Heilbroner, New School for 
Social Research 
Lester C. Thurow, Massachusetts Institute 


of Technology 

198] 672 pp. Cest.) Cloth 
UNDERSTANDING MACROECONOMICS, 
Seventh Edition 


Robert L. Heilbroner, New School for 
Social Research 
Lester C. Thurow, Massachusetts Institute 


of Technology 

198] 384 pp. Cest.) Paper 
UNDERSTANDING MICROECONOMICS, 
Fifth Edition 


Robert L. Heilbroner, New school for 

Social Research 

Lester C. Thurow, Massachusetts 

Institute of Technology 

1981 352 pp. Cest.) Paper 
MONEY, BANKING AND ECONOMIC 
ANALYSIS, Second Edition . 

Thomas D. Simpson, George 

Washington University 

198] . 502 pp. cest.) 
ECONOMICS OF THE FIRM: 
Theory and Practice, Third Edition 

-Arthur A. Thompson, Jr., Univ. of Alabama 

198] 656 pp. (est.) Cloth 
MARKETS, DECISIONS, AND 
ORGANIZATIONS: intermediate 
Microeconomic Theory 

Roger A. McCain, Temple University 
1981 620 pp. Cest.) Cloth 
BUSINESS, GOVERNMENT, AND THE 
PUBLIC, Second Edition 

Murray L. Weidenbaum, Washington 


Universi 
336 pp. (est.) Cloth 


Cloth 


ty 
1981 > 


INTERMEDIATE MACROECONOMICS 
William A. Kelly, Jr., University of North 
Carolina — Chapel Hill 
1981 500 pp. (est.) Cloth 

BENEFIT-COST ANALYSIS OF 

GOVERNMENT PROGRAMS 
Edward M. Gramlich, Univ. of Michigan 
1981 352 pp. (est.) Cloth 

MACROECONOMICS: Theory, Evidence 

and Policy, Second Edition 
Frank C. Wycoff, Pomona College 
1981 550 pp. (est.) 

COPING WITH CAPITALISM: 

The Economic Transformation of 

the United States, 1776-1980 
Roger L. Ransom, University of California 


— Riverside 
1981 256 pp. (est.) 
MACROECONOMICS FOR 
MANAGEMENT | 
Mary Louise Hatten, Boston College 
1981 384 pp. (est.) Cioth 
REFORMING REGULATION: 
Processes and Problems 
Lawrence J. White, New York University 
1981 128 pp. (est.) Cloth 


Cloth 


Paper 


For further information, or to order or raserve examination copies, 
please write: Robert Jordan, Dept. J-668, Prentice-Hall, Inc., 
Englewood Cliffs, NJ 07632 
For “SUPER-QUICK” Service, digi TOLL ira (800) 526-0485,” 
between 9:00 a.m.-4:30 p.m. EST, Mon. 

“not applicable in New Jersey, Alaska, Hawai, or ae Rico 
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The Economic Crisis and American Society 
MANUEL CASTELLS 

A critical analysis of America’s society and economy which idertifies the new 
forms of the capitalist mode of production and the contradictory nature of its 
class relations as the root of the country's problems, Taking a hard look at the 
recent crisis afflicting Western economies, Manuel Castells suggests that the 
very structures that fostered economic growth since 1945 are the same struc- 
tures that are now undermining these economies. 

Cloth, $20.00. Paperback, $5.95. 


Female Labor Supply 
Theory and Estimation 
Edited by JAMES P. SMITH 

This collection of original essays brings econometric theory to bear on the prob- 
lem of estimating the labor force participation of women. Five scholars here ex- 
amine, both theoretically and empirically, the determinants of worren’s wages in 
the market, the value of their home time, and the factors that affect their employ- 
ment. A Rand Corporation Research Study. $20.00 


Human Resources in Japanese 


industrial Development 
SOLOMON B. LEVINE and HISASHI KAWADA 
By focusing on the educational and skill training institutions Japan had developed 
to generate human resources for modern industry, this book represents a new 
contribution to the historical analysis of Japan’s modern economic growth. 
$20.00 


Reasoning About Discrimination 


The Analysis of Professional and Executive Work 
in Federal Antibias Programs 
RICHARD A. LESTER 

Developing an analytical basis for judging sex, race, and age discrimination in 
professional and executive employment, Lester examines federal antibias pro- 
grams applied in the 1970s, criticizes the analytical underpinning of the pro- 
grams, and suggests means for improving their suitability for professional and 
executive workers. $17.40 


Multinationalism, Japanese Style 
The Political Economy of Outward Dependency 
TERUTOMO OZAWA 
“This is a valuable analysis and brief history of Japanese overseas direct invest- 
ment in the postwar period. The links between private and public activity, trade 
policy and the changing structure of Japanese industry, export promotion and the 
effort to obtain secure supplies of raw materials and oil are well brought out.” 
— Foreign Affairs. $16.50 


Princeton University Press 


Princeton, New Jersey 08540 
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MLE. Sharpe, Inc. 


Publisher of CHALLENGE and 
Journal of Post Keynesian Economics 








NEW CLASSROOM PAPERBACKS 


Economic Democracy 

The Challenge of the 1980s 
By Martin Carnoy and 

Derek Shearer 


“This book leaps beyond the 
‘conventional wisdom’ of 
Establishment economists and goes to 
the heart of America’s problems...” 
- Bennett Harrison, 
Massachusetts Institute of 
Technology 
Cloth $15.00 Paper $7.95* 


A Guide to 

Post-Keynesian Economics 

Edited by Alfred S. Eichner 

‘*_,. the essential elements of a 

major development in contemporary 

economics that has not received the 

attention it deserves from mainstream 

economists.” — Choice 
Cloth $12.95 Paper $4.95* 


The Megacorp 
and Oligopoly 
Micro Foundations of 
Macro Dynamics 
By Alfred S. Eichner 
“Without doubt this is a stimulating 
and well written book which deserves 
a wide audience.” 

— Economic Journal 

Paper $8.95 


*Distributed by Pantheon Books 


Unemployment & Inflation 
Institutionalist and 
Structuralist Views 

Edited by Michael J. Piore 


“(Piore’s) five essays and those 
of the other contributors provide 
an excellent introduction to the 
institutionalist views of the economy.” 
— Richard C. Edwards, 
University of Massachusetts 
Cloth $20.00 Paper $7.95 


The Yugoslav 
Economic System 
The First Labor-Managed 
Economy in the Making 
By Branko Horvat 
“This work, by Yugoslavia’s 
best-known-economist, is now the 
best and most concise work available 
describing that country’s unique 
market socialist economy...” 
— Sociology 
Reviews of New Books 
Paper $7.95 


The Advanced 
Capitalist System 
A Revisionist View 
By Lynn.Turgeon 
“.. . (The author’s) insights into 
economic dynamics are very 
unorthodox and stimulate one to 
think. . . . Avery exciting and useful 
book.” —HowardJ. Sherman, ` 
University of California, 
Riverside 
Cloth $15.00 Paper $7.95 
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For the best in principles texts — 





The first brand-new text for the 80s— 
ROGER N. WAUD’S 


ECONOMICS 


Recent shocks to the supply side of the economy, such as the rapid 
rise in imported oil prices, are making it painfully apparent that aggre- 
gate supply must be worked into macroeconomic analysis. 





“This text shows the relationship between total demand and supply 
and illustrates why it is possible to have increases in the general price 
level and the unemployment rate at the same time. After standard Key- 
nesian income analysis has been developed fully, the supply side of the 
economy is carefully integrated with it. This not only facilitates a compari- 
son of Keynesian and Monetarist views, but also helps instructors deal 
candidly with cost-push inflation and the effects of stagflation on mone- 
tary and fiscal policy. 


“Students expect, and should receive, a realistic analysis of such prob- 
lems in an introductory course. We owe it to them.”—Roger N. Waud 
January 1980. 848 pages. ISBN; 0-06-046963-3. Instructor’s Manual with 


Test Bank, Study Guide, Transparency Masters, and a computer-based 
examination system—-ACCESS. 


Two-volume paperback edition also available: Macroeconomics, 512 
pages; and Microeconomics, 448 pages. 


To request examination coptes, write to Suite 5D, Harper & 
Row, 10 East 53d St., New York, N.Y. 10022. Please include course 
title, enrollment, and present text. 
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To meet the challenges of the 80s— 


THE ECONOMICS 
OF PUBLIC ISSUES | 


Fifth Edition | 
by DOUGLASS C. NORTH & ROGER LEROY MILLER 


Ideal as a supplement to principles of economics courses, this fully 
updated edition offers 34 concise and stimulating original essays. The 
fifth edition includes 18 new chapters on everything from drug regula- 
tion, revival of the draft, and illegal aliens to wage and price controls, 
black economic progress, and urban sprawl. The popular chapters on 
agriculture, medical care, safer products, and others are thoroughly 
updated. 5 

Carefully planned to parallel the development of basic miero- 
economic theory in leading texts, chapters are now grouped under 
major subject categories. 

January 1980. 214 pages. ISBN 0-06-044875-X. Paper. Instructor’s 
Manual. 


The | latest edition of an economics classic— 


ECONOMICS TODAY 


Third Edition 
ROGER LEROY MILLER 


A clearly written, practical revision of a complete teaching/learning 
package for the introductory one-, two-, or three-term principles course. 
Provides a solid understanding of basic economic tools and theory and 
presents many practical applications through topical issues. i 

1979. 747 pages. ISBN 0-06-385481-3. : 

Instructor's Manual. Student Learning Guide. Test Item File. Trans- 
parency Masters. Independent Study Audio Cassette. Modules and Study 
Guides. 


(Harper € Row 
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SEARCH 
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ECONOMICS 
ECONOMETRICS 
CORPORATE PLANNING 
STRATEGIC PLANNING 
MARKETING 
OPERATIONS RESEARCH 


EXECUTIVE 


STONEHILL IS AN EXECUTIVE SEARCH FIRM STAFFED WITH 
A TEAM OF PROFESSIONALS, EXPERIENCED IN SEARCH AND 
RECRUITMENT TECHNIQUES. 


WE TAKE PRIDE IN OUR NATIONWIDE REPUTATION FOR 
HIGH STANDARDS OF PROFESSIONALISM IN EXECUTIVE 
RECRUITING, 


OUR CLIENTS ARE “FORTUNE 500” COMPANIES, MAJOR 
CORPORATIONS, FINANCIAL INSTITUTIONS, AND CON- 
SULTING FIRMS. 


CONTACT: MR. GARY J. STEVENS, PRESIDENT 
MS. DEE DROST, V.P. EXECUTIVE SEARCH 


STONEHILL 
MANAGEMENT CONSULTANTS, INC. 
521 FIFTH AVENUE 
NEW YORK. NEW YORK 10017 


212 490-1776 SUITE 1160 
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PRAEGER 


entering our fourth decade of distinguished publishing 


MANAGING GROWTH IN THE 1980’s 

Toward a New Economics 

ROBERT D. HAMRIN, Environmental Protection Agency 
378 pp. 1980 ISBN0-03-054061-5 $23.95 | 

Paperback available! ISBN 0-03-054056- -9 $9.95 


GLOBAL BUSINESS STRATEGY FOR THE 1980s 
F.T. HANER, University of Delaware 


244pp. 1980 ISBN 0-03-047196-6 ca. $24.95 


THE ETHICAL BASIS OF ECONOMIC FREEDOM 
edited by IVAN HILL, American Viewpoint, Inc. 

Foreword by VERMONT ROYSTER, The Wall Street Journal 

“Itis an impressive volume and merits the attention it is getting.” — U.S. News & Worid Report 

“It transcends any investment advice.” — Financial World 

ca. 272 pp. September 1980 ca. $9.95 

PRAEGER 

Praeger Publishers 

CBS Educational and Professional Publishing 

521 Fifth Avenue, New York, New York 10017 

- (212) 599-8400 





STAFF PAPERS 


Published by the International Monetary Fund in March, June, September, and ' 
December. Summaries of each paper in French and Spanish, as well as in English. 


Vol. 27 ~ June 1980 No. 2 





Fiscal Content of Financial Programs Supported by Stand-By Arrangements in the Upper 
Credit Tranches, 1969-78 ... W.A. BEVERIDGE and MARGARET R. KELLY 


Monetary Shocks and the Dynamics of Inflation ............. MOHSIN S. KHAN 


aM World Model of Merchandise Trade: Simulation Applications 
DUNCAN M. RIPLEY 


Short-Run Effects of Exchange Rate Changes on Terms of Trade and Trade Balance 
ERICH SPITALLER 


Gasoline Taxation in Selected OECD Countries, 1970-79 
ALAN A. TAIT and DAVID R. MORGAN 


The International Monetary Fund, 1978-79; A Selected Bibliography 
ANNE C. M. SALDA 


Subscription: US$9.00 a volume; US$3.00 a single issue. Special rate to` 
university libraries, faculty, and students: US$4.00 a volume; US$1.00 a single 
issue. | 
Advice on payment in other currencies will be given upon receipt of order. 
The Secretary, Attention: Publications Section, International Monetary Fund, 

Washington, D.C. 20431 U.S.A. 
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THE ORIGINS AND 
DEVELOPMENT OF 
LABOR ECONOMICS 
by Paul J. McNulty 
$17.50 


THE DEFENSE 
INDUSTRY | 

by Jacques S. Gansler . 
$19.95 . 


GETTING STARTED: 
The Youth Labor Market 
by Paul Osterman 
$20.00 


BLACK WOMEN IN THE 


LABOR FORCE 
by Phyllis A. Wallace 


with the assistance of 
Linda Datcher and 
Julianne Malveaux 


$15.00 


THE COLLECTED 
PAPERS OF FRANCO 
MODIGLIANI 

Volume 1: 

Essays. in Macroeconomics 
Volume 2: 

The Life Cycle Hypothesis of 
Saving 

Volume 3: 

The Theory of Finance and 
Other Essays 

edited by Andrew Abel 
$25.00 each volume 


COLLECTED 
ECONOMIC PAPERS OF 
JOAN ROBINSON 

Five Volumes 

$25.00 each volume 

Boxed set, with separately 
bound index, $125.00 


Paperbacks l 


NORTH-SOUTH 

A Program for Survival 

A Report of the independen! 
Commission on inter- 
national Development issues 
under the Chairmanship of 
Willy Branat 

$4.95 


THE ECONOMIC 
THEORY OF 
POLLUTION CONTROL 
by Paul Burrows i 
$8.95; cloth $25.00 


A GUIDE TO 
ECONOMETRICS 
by Peter Kennedy 
$7.95; cloth $19.95 


THE INNOVATION 
DECISION IN SOVIET 
INDUSTRY 

by Joseph S. Berliner 
$15.00 


The MIT Press 


Massachusetts Institute of 
Technology 
Cambridge, Massachusetts 02142 





HARVEY J. LEVIN 
Fact and Fancy in 


Television Regulation 


An Economic Study of Policy 
Alternatives 


How DIVERSE CAN, AND SHOULD, TV program- 
ming be? And especially, in what precise ways 
does governmental regulation of TV affect (or fail 
to affect) the programs station owners produce 


— programs which, in the final analysis, shape in . 


such large measure the values of Americans? It 
is to these timely and beguiling questions that 
Harvey Levin addresses his dispassionate assess- 
ment of the complex relationship between gov- 
ernment and the TV industry. Analyzing data 
drawn from the history of the FCC’s regulatory 
decisions,’as well as from interviews with nu- 
merous government and industry officials, Pro- 
fessor Levin shows how the present form of 
restrictive governmental regulation almost al- 
` ways results in higher profits and rents for TV 
stations, with no concomitant increase in pro- 
gramming diversity. 


In addition, Professor Levin investigates various 
other aspects of the media market, from the par- 
ticular kinds of crucial decisions that are made 


when, for example, a newspaper owns a TV sta- 


tion, to the kinds of problems that arise when 
commercial rents are taxed to fund public TV; 
from the brand of programming we are offered 
when a monopoly controls a given TV market to 
the nature of programming in a situation of 
steady and fair competition. Following a compre- 
hensive assessment, the author makes a compel- 
ling case for diversification of station ownership, 
in order to be “safe rather than sorry.” He also 
argues for the entry of new stations, more exten- 
sive support of public TV, and some form of 
quantitative program requirements — all of which 
will help bring about greater program diversity. 


Professor Levin's volume provides us with a fully 
documented and sharply focused analysis of the 
theories, policies, and problems of one of the 
most powerful and misunderstood of contem- 
porary institutions. 


Contents 

1, Scope and Method 

Part 1: Basic Framework. 2. Economic Structure 
and Regulatory Framework. 3. The Concept and 
Measurement of Diversity. 4. Origin and Inci- 
dence of Economic Rents in Broadcasting. 5. Ob- 
jectives versus Results in Federal Broadcast 
Regulation. 

Part Il: A Critique of Current Policies. 6. The Policy 
on Ownership Diversity. 7. The Cross-Owner- 
ship Proceeding: A Case Study in Factual Defi- 
ciencies. 8. Structural Diversity, Owner Diversity, 
and the Role of Public Television: A Comparative 
Assessment. 9, Alleged Bases of National Tele- 
vision Network Power. 10. The Limits of Net- 
work Regulation. 11. Objectives versus 
Consequences in Prime-Time Access. 

Part II: Assessment of Selected Alternatives. 12. A 
Note on the Regulatory Implications of Scarcity 
Rents in Television. 13. Quantitative License Re- 
newal Requirements. 14. The Use of Scarcity 
Rents to Fund Public Broadcasting. 

Appendix I: Basic Methodological Issues. Ap- 
pendix II: Principal Estimating Equations. Index. 


About the author: 

Harvey J. Levinis Professor of Economics at Hof- 
stra University, and Senior Research Associate 
at the Center for Policy Research. 


LC 79-90148 ISBN: 0-87154-531-4 
544 pages $20.00 
Distributed by 


Basic Books, Inc. 
10 East 53rd Street 
New York, New York 10022 


RUSSELL SAGE FOUNDATION 
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Economics and Consumer Behavior 
Angus Deaton and John Muellbauer 


The authors have used the duality approach to provide an integrated and accessible treat- 
ment of the economics of corsumer behavior. This book focuses on applications of the 
theory to welfare economics and econometric analysis. Much of the material is too recent to 
have appeared in any previous text. The structure of the book is designed to permit its use 
in a wide variety of courses at different levels, and examples are provided throughout. 
Hardcover $48.50 Paper $18.95 


Asset Markets, Exchange Rates, and 
Economic Integration 

A Synthesis 

Polly Reynolds Allen and Peter B. Kenen 


Allen and Kenen have developed a new theoretical model for economies participating in inter- 
national trade. They demonstrate that market integration fosters interdependence among 
nations in the conduct of economic policy. The authors apply the results of their work to a 
cost-benefit analysis of both manetary and fiscal unification, emphasizing the effect of the ex- 
ternal exchange regime on the members of an economic union. $55.00 


Inflation and the Personal Income Tax 
An International Perspective 
Vito Tanzi | 


A detailed analysis of the impact of inflation on income tax systems in mary countries. Tanzi 
examines some of the more important distortions of income tax systems caused by inflation 
and discusses possible: corrective measures, comparing them with the actral experiences of 
the United States, United Kingcom, France, Australia, Canada and other countries in their pur- 
suit of policies aimed at neutralizing the impact of inflation. $27.50 


Economics and Corporate Strategy 
C. J. Sutton 


Drawing on a wide range of economics and management literature, Sutton shows how an 
understanding of industrial economics can help in analyzing strategic decisions. He explains 
how a firm’s development must be adapted to its environment, its history, end the experience 
of its personnel. Included are discussions of such topics as integration and diversity, the grow- 
ing importance of multinational operations, the strategic role of mergers, and innovation. 
Hardcover $27.50 Paper $7.95 


The Collected Writings of Industrialization and the Basis for Trade 

John Maynard Keynes R. A. Batchelor, R. L. Major and A. D. Morgan 

Donald Moggridge, Editor NIESR Economic and Social Studies as 5 
39.50 


Volume 25: Activities 1940-44: Shaping the 
Post-War World: The Clearing Union *$35.00 The Economic Status of Australian 
Volume 26: Activities 1943-46: Shaping the Aborigines 


Post-War World: Bretton Woods and Repara- Jon C. Altman and John P. Nieuwenhuysen 
tions *$35.00 | 


5 
Volume 27: Activities 1940-46: Shaping the 72990 
Post-War World: Employment and Commodi- Birds of Passage 

ties $35.00 Migrant Labor in Industrial Societies 

* tentative Michael J. Piore Now in Paperback $6.95 
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The Power to Tax 


Analytical Foundations of a Fiscal Constitution 
Geoffrey Brennan and James Buchanan 


A radically new approach to the understanding and evaluation of our fiscal system. The authors 
proceed from the question of how much “power to tax” a citizen would voluntarily grant to 
government under the terms of a social contract devising a fiscal constitution. They develop 
a model of government as a “revenue-maximizing Leviathan” and trace out the restrictions 
on the power to tax that might emerge from the citizen’s constitutional deliberations. *$24.95 


Theory of International Trade 
A Dual, General Equilibrium Approach 


Avinash Dixit and Victor D. Norman 


Emphasizing that a trading equilibrium is general rather than partial and is often best modeled 
using dual or envelope functions, the authors give unified treatment of comparative statics and 
welfare and shed new light on the factor-price equalization issue. They also treat the modern 
specific-factor model in parallel with the usual Heckscher-Ohlin model. Cambridge Economic 
- Handbooks “Hardcover $34.50 Paper $14.95 


Capital Theory and Dynamics 
Edwin Burmeister 


Professor Burmeister focuses mainly on the pure role of time and the influence of future but 
certain events on the current economic state. He introduces such concepts as dynamic effi- 
ciency, Pareto optimality, the crucial role played by capital goods in intertemporal economies 
and portfolio problems. He discusses such issues as the “Cambridge controversies,” Sraffa’s 
‘Standard Commodity, competitive paths, saddfepoint instability, perfect foresight competitive 
equilibrium and rational expectations competitive equilibrium. Cambridge Surveys in Economic 
Literature *Hardcover $37.50 Paper $14.95 


The Anti-Trust Laws of the U.S.A. 
Third Edition 


A. D. Neale and D. G. Goyder 


Completely revised and updated, this third edition deals extensively with recent develop- 
ments relating to mergers and acquisitions and to: the question of how far U.S. jurisdiction 
should influence business practices outside the United States. It assesses the value and mean- 
ing of the antitrust system in relation to the body of anti-monopoly laws being developed by 


the EEC. N/ESR Publications 19 


Computers and Economic Planning 
The Soviet Example 
Martin Cave 


Soviet and East European Studies 
Socialist Economic Integration 
Jozef M. van Brabant 

Soviet and East European Studies 


Dualism and Discontinuity in 
Industrial Societies 
Suzanne Berger and Michael Piore 


$27.50 


$29.50 


$17.95 


*Hardcover $39.50 Paper $15.95 


Profitability and Unemployment 
Edmond Malinvaud 


co-published with Les Editions de la Maison 
des Sciences de l'Homme $12.95 


The Subsidized Muse 

Public Support for the Arts in the 
United States 

Dick Netzer 


A Twentieth Century Fund Study 
Now in Paperback $7.95 


Cambridge University Press 


32 East 57th Street, New York, N.Y. 10022 
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Books Published by 
Oxford University Press for the World Bank 


Policies for Industrial Progress in Developing Countries 


Edited by JOHN CODY, UNIDO; HELEN HUGHES, The World Bank; and DAVID WALL, University of 
Sussex. Filling an important gap in the literature on industrial development, this collection of essays 
provides a handbook for administrators and a clearly written summary for students. The importance of 
the link between theory and administration is stressed and practical issues are given more weight than 
theoretical economic concepts. 


1980 ` 320 pp.; 4 tables cloth $16.95 paper $5.95 


Inequality and Poverty in Malaysia 

Measurement and Decomposition 

SUDHIR ANAND, St. Catherine’s College, Oxford. Anand’s book is a sophisticated account of income 
inequalities and poverty in Malaysia which will be of particular interest to policy makers. The research is 
policy-oriented and the findings, to which his statistical technique is imaginatively applied, are thor- 
oughly discussed. 


Fall 1980 228 pp.; tables; formulae cloth $14.95 paper $5,95 


Income Inequality and Poverty 

Methods of Estimation and Policy Applications 

NANAK KAKWANL, University of New South Wales. In this study, appropriate techniques have been 
developed toanalyze the problems of size distribution of income using actual data, and these techniques 
have been applied to evaluate alternative fiscal policies affecting income distribution. The contributions 
include both systematization of existing knowledge as well as a number of new results. 


1980 320 pp., graphs; charts cloth $19.95 paper $8.95 


Migration in West Africa 

The Demographic Aspects 

K.C. ZACHARIAH, The World Bank; and JULIEN CONDE, Organization for Economic Cooperation. 
This work is a descriptive study of international, internal and rural-urban migration in nine West Afri- 
can countries. The volume and direction of external and internal mgar are studied along with se- 
lected socio-economic characteristics of migrants and non-migrants. The study is based on the censuses 
of 1970 and 1976 and much of the demographic data used is entirely new. 


October 1980 2 256 pp.; tables; maps cloth $16.95 paper $6.95 


Models of Growth and Distribution for Brazil 


LANCE TAYLOR, Massachusetts Institute of Technology; EDMAR BACHA and ELIANA CARDOSO, 
both of the University of Brazil; and FRANK LYSY, Johns Hopkins University. This work explores the 
Brazilian political economy. Using computable general equilibrium income distribution models, the au- 
thors focus on the interaction of growth and income distribution, both providing current ideas about the 
Brazilian economic model and pointing to future lines of research for politically observant economists. 


1980 384 pp.; tables cloth $18.95 paper $7.95 


Prices ard publication dates are subject to change. 


Oxford University Press 


200 Madison Avenue, New York, New York 10016 
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A new edition of a leading text . 


International Economics 
Second Edition 


Bo Sédersten, University of Lund 


CONTENTS 


Preface to the Second Edition 

Introduction: International Economics and Economic Theory 

Part I: The Pure Theory of International Trade * The Theory of Comparative 
Advantage and the Gains from Trade ¢ Production Functions in Intér- 
national Trade: The Box Diagram • Comparative Advantage in the 
Heckscher-Ohlin Trade Model e Commodity and Factor Prices Under Trade: 
Factor-Price Equalization ¢ The Gains from Trade and. the Income Dis- 
tribution @¢ Factor Reversals and Factor Prices: Empirical Testing and the 
Leontief Paradox ¢ Alternative Theories of Trade 

Part II: Economic Growth and International Trade e Economic Growth and 
International Trade during the Nineteenth and Twentieth Centuries ¢ A 
Model of Economic Growth and International Trade where Growth is 
Unspecified ¢ Increases in Factor Endowments and International Trade: 
The Rybczynski Theorem ©% Technical Progress and International Trade e 
The Terms of Trade and the National Income in the Growth Process 

Part III: Trade Policy ° Tariffs under Optimal Market Conditions ¢ Quotas ` 
and Quantitative Restrictions: State Trading © Tariffs, Subsidies, and Dis- 
tortions in Commodity and Factor Markets ¢ Import-Substitution versus 
Export-Push e GATT, the-EEC, the Kennedy Round, and the Tokyo Decla- 
ration © UNCTAD and Trade Policies for Less Developed Countries © A New 
Economic World? è The Theory of Customs Unions ¢ Direct Investments 
and the Multinational Firm 

Part IV: The Balance of Payments and International Economic Policy e The 
Market for Foreign Exchange ¢ The Balance of Payments © Foreign Trade 
and National Income ¢ International Economic Policy and ‘the Adjustment 
Mechanism @ The Monetary Approach to the Balance of Payments ¢ Fixed 
versus Flexible Exchange Rates e The Aims-Means Analysis for Reaching 
Internal and External Equilibrium 

Part V: The International Monetary System ¢ The Bretton Woods System 
e The Present International Monetary System ¢ Notes and References 


1980 524 pp., cloth. $16.95 


To request a complimentary examination copy please write’ (specifying 
course, present text and approximate enrollment) to: 


St. Martin’s Press -P.O. Box 5352 New York, N.Y. 10163 


St-Martin Press 
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Recent Studies on 





[] The Advanced Developing 


Countries: Emerging Actors 


in the World Economy 
by John A. Mathieson 


Overseas Development Council, 1979 
72 pp. $3.00 


Positive Adjustment to a 
Changing World Economy 
by Florizelle B. Liser 


` Overseas Development Council, 1980 
6 pp. $ .25 


Co-Financing for 
Development: Why Not More? 
by Roger S. Leeds 


Overseas Development Council, 1980 
64 pp. ` $3.00 


Policy Alternatives for a 

New International Economic 
Order: An Economic Analysis 
edited by William R. Cline 

Praeger for ODC, 1979 

410 pp. Paperback: $7.95 


The United States and 
World Development: 


Agenda 1980 
by John W. Sewell and the Staff of the 


Overseas Development Council 
Praeger for ODC, 1980 
256 pp. Paperback: $6.95 


$ 


Address 





City 


overseas development council washington, p.c. 20036 


orth-South Relation 


published by or in cooperation with the Overseas Development Council 





L] An Alternative Road to 
the Post-Petroleum Era: 
South-North Cooperation 


by James W. Howe 
and James Tarrant 
Overseas Development Council, 1980 
80 pp. $5.00 


[] Mobilizing Technology 
for World Development 


edited by Jairam Ramesh 
and Charles Weiss, Jr. 
Praeger for ODC, 1979 


240 pp. Paperback: $6.95 


[] The Uncertain Promise: 
Value Conflicts in 


Technology Transfer 
by Denis Goulet 
IDOC/North America for ODC, 1977 


324 pp. Paperback: $5.95 


C] Beyond the North- 


South Stalemate 
by Roger D. Hansen 


McGraw-Hill. By special arrangement 
with the 1980s Project of the Council on 
Foreign Relations and McGraw-Hill, a 
limited paperback edition is available 
exclusively from ODC. 1979 


348 pp. -> Paperback: $5.95 


O Complete Catalog of ODC 
Publications 


Please check the publications above you wish to receive 
and enclose this form with your check for the total amount 


minus a 10% discount available with this coupon. 
enclosed. 


State__. ss Zip 
1717 Massachusetts Ave., N.W. , Suite 501B 
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ECONOMIC ANALYSIS OF INTERCITY 
FREIGHT TRANSPORTATION 


George W. Wilson 


> This rigorous micro-economic analysis examines the criteria relevant to a more efficient use of transportation facilities in this country, 
present and future. Wilson places the transportation industries in the context of the economy as a whole. 
364 pages. append.. index, drawings $25.00 


SOVIET ENERGY TECHNOLOGIES 


Planning, Policy, Research and Development 
Robert W. Campbell 


Detailed discussions of all major Soviet energy capabilities. Focuses on the research and development structures and their effectiveness, 
the availability of resources, and comparisons with U.S. and other Western technologies. An excellent evaluation with broad implications 
for future development. 

288 pages, index $22.50 


EAST EGROPEAN INTEGRATION AND 
EAST-WEST TRADE 


Edited by Paul Marer and John Michael Montias 


Analytical and theoretical essays by leading authorities in the fields of international trade, economics, and East European affairs. Estab- 
lishes a comprehensive, up-to-date, and balanced Western perspective on foreign trade in the centrally planned economies of Eastern 


Europe. 
416 pages $22.50 


REGIONAL ACCOUNTS 


Structure and Performance of the New York Region’s Economy in the Seventies 
Prepared by Regina Belz Armstrong 
This pioneering study of interlocking accounts for the New York-New Jersey-Connecticut Urban Region traces the flow of funds through 
income, consumption, and production within a regional economy, and between the Region and the rest of the nation. (A Regional Plan 


Association Book) 
256 pages, tables, charts $18.50 


PROPHETS OF PROSPERITY 


America’s First Political Economists 
Paul K. Conkin 


The development of a major discipline as seen through the theories of its ablest proponents. In-depth profiles of these pioneers trace the 
diversity of American economic thought from its European origins through a growing national awareness. 
352 pages, index 


MANAGEMENT OR CONTROL? 


The Organizational Challenge 
Russell Stout, Jr. 


“,.. the best analysis of the confusion which attends the use of management-control systems and in fact the only sustained . . . inquiry of 
both the theory and practice of such systems. .. . a fine piece of work.” —Martin Landau, University of California, Berkeley 
224 pages, bibl., notes, indexes $12.95 


ORGANIZATIONS, MANAGEMENT, 
AND CONTROL 


An Annotated Bibliography 
Russell Stout, Jr. 


The result of years of scrupulous research, this volume offers the practicing manager and researcher a valuable guide to the literature on 
organizations and management. Features approximately 1500 entries and draws special attention to outstanding contributions in the field. 
256 pages, Index $15.00 


Available at bookstores or send $1.50 postage and handling for first book, 25¢ for each additiona! book, to order from publisher. 


AK 


INDIANA UNIVERSITY PRESS 


Tenth and Morton Streets, Bloomington, Indiana 47405 
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LibertyPress 
LibertyClassics 


What Should Economists Do? 
By James M. Buchanan 





This collection brings together Buchanan’s 
important essays on method, many of them 
previously unpublished. Such a volume, note 
H. Geoffrey Brennan and Robert D. Tollison’ 
in their preface, “provides relatively easy 
access to a group of significant papers on 
methodology in economics, written by a man 
whose work has spawned a methodological > 
revolution in the way economists and other 
scholars think about government and 
governmental activity. ” 

James M. Buchanan is University 
Distinguished Professor and General Director, . 
of the Center for Study of Public Choice, 
Virginia Polytechnic Institute and State 
University. As a founder of the burgeoning 
subdiscipline of public choice, and as a public 
finance theorist and father of a modern school ~“ 
of public finance, Buchanan’s work has had 


worldwide recognition. Hardcover $8.00, | . 
Paperback $3.50. 





We pay postage, but require prepayment, on ` 
orders from individuals. Please allow four to 
six weeks for delivery. To order this book, or 
for.a copy of our catalog, write: 
LibertyPress/LibertyClassics 

7440 North Shadeland, Dept. 650 
Indianapolis, Indiana 46250 - 
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Announcing two New Volumes 

in the INSTITUTE FOR RESEARCH ON POVERTY MONOGRAPH Series AP) 
Microeconomic Simulation Models for 

Public Policy Analysis 


Volume 1/DISTRIBUTIONAL IMPACTS 
Edited by ROBERT H. HAVEMAN and KEVIN HOLLENBECK 


CONTENTS: EXTENDED MICRODATA MODELS et al., A Microsimulation Model for Analyzing Alter- 
FOR FIRST-ROUND DISTRIBUTIONAL ANALYSIS. native Welfare Reform Proposals: An Application 
J. J. Minarik, The MERGE 1973 Data File. H. Bee- to the Program for Better Jobs and Income. J. A. 


bout, Food Stamp Policy Modeling: An Application King, The Comprehensive Human Resources Data 
of MATH. G.H. Orcutt et al., Microanalytic Modeling System: A Model for Estimating The Distributional 
and the Analysis of Public Transfer Policies. Impacts of Energy Policies. D. E. Yett et al., The 


MICRODATA MODELS WITH BEHAVIORAL RE- HRRC Health Care Sector Simulation Model. Ref- 
SPONSE. M. Maxfield, Jr., Aspects of a Negative erences. Index. 


Income Tax: Program Cost, Adequacy of Support, 1980. 320 pp. : 0-12- > 
and Induced Labor Supply Reduction. D. Betson gout Ppa PERR- TRON OESIE 
Volume 2/SECTORAL, REGIONAL, AND GENERAL EQUILIBRIUM MODELS 


CONTENTS: MICRODATA MODELS OF THE MAC- ' gional and Distributional Effects of Tax-Transfer Pol- 
ROECONOMY. R. L. Bennett and B. R. Bergmann, icy; An Analysis of the Program for Better Jobs and 


Policy Explorations with the Transactions Model of Income. L. Ozanne and J. E. Vanski, Rehabilitating 
the U.S. Economy. G. Eliasson, Experiments with Central-City Housing: Simulations with the Urban 
Fiscal Policy Parameters on a Micro to Macro Institute Housing Model. S. P. Dresch and D. A. 
Model of the Swedish Economy. D. Fullerton et al., Updegrove, IDIOM: A Disaggregated Policy-I|mpact 


Corporate and Persona! Tax Integration in the Unit- Model of the U.S. Economy. AN APPRAISAL OF 
ed States: Some Preliminary Findings., MICRO- MICRODATA SIMULATION MODELS. K. J. Arrow, 
DATA MODELS WITH REGIONAL AND/OR SEC- Microdata Simulation: Current Status, Problems, 
TORAL IMPACTS. A. H. Haveman et al., A Micro- Prospects. References. Subject Index. 

economic Simulation Model for Analyzing the Re- 1980, 304 pp., $29.50 ISBN: 0-12-333202-8 


Volumes in the ECONOMIC THEORY, ECONOMETRICS, AND 
MATHEMATICAL ECONOMICS Series 


Studies in Macroeconomic Theory 


By EDMUND S. PHELPS 
Volume 2/REDISTRIBUTION AND GROWTH 


The book is divided into five main sections, each @ The alternative notions of socially optimal eco- 
prefaced by a commentary written for this publi- nomic growth, from “fiscal neutrality’ to “game 
cation. These sections treat issues such as: equilibrium” to ‘“‘Rawlsian ‘maximin’ ”: 

èe The welfare economics of alternative steady states è The optimal structure of taxation for the present 
and their fiscal requirements: generation under first-best and second-best con- 
è The types of nationa! investment available to raise straints that protect future generations. 
productivity, and the nature of their working: 1980, 384 pp., $21.00 ISBN: 0-12-554002-7 


Volume 1/EMPLOYMENT AND INFLATION 


CONTENTS: Disequilibrium Models of Employment. Level. Stabilization Theory. Toward Just Criteria in 
Macroequilibrium Employment. Welfare Analysis of Stabilization Policy. 


Anticipated ‘Inflation: Liquidity and Saving. Infla- 1 432 pp., $24.50 ISBN: 0-12-554001- 
tion Planning. Identifying Disturbances of the Price teh PP., $ 001-9 


Texas National Energy Modeling Project 


An Experience in Large-Scale Model Transfer and Evaluation 
Edited by MILTON L. HOLLOWAY 


In this book, the Texas National Energy Modeling verifiability. This evaluation will provide guidance to 


Project evaluates the Department of Energy’s pri- users of MEFS concerning the level of confidence 
mary energy forecasting and policy analysis tool one may have in the results of the models used for 
—the Midterm Energy Forecasting System (MEFS) government energy policy analysis purposes. 
—to determine its workability, clarity, validity, and 1980, 160 pp., $14.50 ISBN: 0-12-352950-6 
Continuation Orders authorize us to ship and bill tion. This order will remain in effect until cancelled. 
each volume in a series, or “Advances” type pub- Specify the volume title with which your order is 
lication automatically, immediately upon publica- to begin. 


Send payment with order and save postage and handling charge. 
Prices are subject to change without notice. 


ACADEMIC PRESS, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003/24-28 OVAL ROAD, LONDON NW1 7DX 
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Leading proponents and critics -of ine theory of rational iii participated in the 
American Enterprise institutes Seminar on Rational Expectations. held on February 1. 1980. 
in Washington, D.C, Papers and comments from the Seminar will be mailed to JMCB sub- 
scribers as a complimentary. separatsly bound supplement to the November 1980 issue. 
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Bennett T. McCallum, Editor « Robert E. Lucas, Jr. Methods and Problems in Business 
Cycle Theory * Bennett T. McCallum Rational Expectations and Macroeconomic Stabiltza- 
tion Policy: An Overview * Robert J. Barro Federal Dehat Polcy and the Effects of Public 
Debt Shocks * William Fellner The Vaid Core of Rationality Hypotheses in the Theory of 
Expectations *« Comments: James Tobin Are New Classical Models Plausible Enough to 
Guide Policy? « Edwin Burmeister On Some Conceptual Issues in Rahonal Expectations 
Modeling + Arthur M. Okun Rationa -Expectations-with-Misperceptions as a Theory of the 
Business Cycle » Phillip Cagan Reflections on Rational Expectations « Gottfried Haberler 
Critical Notes on Rational Expectations 


JMCB is published quarterly. About 900 pages in 1980. Subscriptions. including ` Rational! 
Expectations’: U.S. 317,50 per year (overseas postage $1 90). “Rational Expectations ` only. 
U.S. $5.00. Send yaur order :o the Ghio State University Press. 2070 Net Ave.. Columbus. 
OH 43210. 614-422-6930 





or 2 ca e 
Sne 





Please mention THe Amenican Economic Review When Writing to Advertisers 


xviii 


Modern Theories of Income Distribution 
M.C. Howard 


A systematic analytical survey of theories of income distribution as they have developed 
since the 1930’s, and particularly since the 1950's, this book elucidates the controversies 
which have complicated modern income distribution theory, and evaluates the current status 
of the subject. 


1980 ISBN 0-312-54244-5 232 pp., cloth $25.00 


The Theory of Economic Growth - 
An Introduction 
Graham Hacche 


The most comprehensive and up-to-date treatment of growth theory, this book moves beyond 
other works on the subject in providing a full account of both neo-Keynesian theory and the 
neo-classical approach, as well as an extensive discussion of empirical interpretation and 
application of growth theory. 


1980 ISBN 0-312-79775-3 349 pp., cloth $27.50 


Economics and Marxism 
Volume 1 The Renaissance of the Marxian System 


Volume 2 The Dynamics of the Marxian System 
Karl Kiihne; translated by Robert Shaw 


Economics and Marxism offers a comprehensive reassessment of Marx's economics in the 
light of modern economic theory. In each volume Kühne first discusses the views of academic 
and Marxist economists then reconstructs Marx’s own account. Volume 1 covers value and 
surplus value, price theory, concentration theory, monopolies and oligopolies, profit and rent 
theory, wage theory, and monetary theory; Volume 2, international trade, growth business 
cycles, Marx and Keynes, imperialism and Marxist dynamics. 


1980 Vol. 1: 413 pp., cloth Vol. 2: 371 pp., cloth each $27.50 
Vol. 1: ISBN 0-312-23436-8 Vol. 2: ISBN 0-312-23437-6 


An Annotated Bibliography of Health Economics 
Western European Sources 
edited by Adrian Griffiths, N. Prescott, R. Rigoni and P. Tacier 


The companion volume to An Annotated Bibliography of Health Economics: English 
Language Sources, this book has been clearly organized under the same headings as the 
previous volume. The informatively annotated entries are listed in chronological order within 
chapters or subsections, and alphabetically within each year. 


November ISBN 0-312-03874-7 about 416 pp., cloth $40.00 


An Annotated Bibliography of Health Economics 
English Language Sources 
edited by A.J. Culyer, J. Wiseman and A. Walker 


“An excellent English bibliography covering the relatively new field of health economics...” 
Choice 


1977 ISBN 0-312-03873-9 361 pp., cloth $29.95 
To order these books for your library at 20% discount, please write: 
St. Martin’s Press P.O. Box 5352 New York, N.Y. 10163 


St-Martins Press 
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Inflation, The Quantity Theory, 
and Rational Expectations 
Studies in Monetary Economics, Vol. 5 


By EDUARD JAN BOMHOFF, Erasmus 
Univ., Rotterdam, The Netherlands 


1980. 254 pages. 
US $29.25/Dfl. 60.00 
ISBN 0-444-85472-X 


in this volume a small macroeconomic model 
that can explain the rate of inflation and the 
rate of econmic growth is developed and tested. 
Throughout the model much emphasis is placed 
on the way economic behavior is influenced 


. by expectations, both with respect to the im- 


mediate future and regarding long-run develop- 
ments. 


Exhaustible Resources, Optimality, 
and Trade 


Contributions to Economic Analysis, Vol. 127 


Edited by MURRAY C. KEMP, Univ. of New 
South Wales, and NGO VAN LONG, Austra- 
lian National Univ. 


1980. 264 pages. 
US $44.00/Dfl. 90.00 
ISBN 0-444-85339-1 


A collection of essays written between 1974 and 
1978 focusing on theoretical issues regarding 
general equilibrium models accomodating the 
exhaustibility of resources. 

CONTENTS: 1. The Theory of Mining Firm. 
2. Aggregative Models of a Closed Economy. 
3. International Trade with Exhaustible Resour- 
ces. 


Capital and the Distribution of 
Labor Earnings OO 
Contributions to Economic Analysis, Vol. 126 


By MICHAEL SATTINGER, Miami University 
of Ohio 


1980. 300 pages. 
US $46.25/Dfl. 95.00 
ISBN 0-444-85385-8 


This volume investigates the relation between 
the distribution of capital among jobs and the 


distribution of labor earnings among individuals. 
The major model may be regarded as an exten- 
sion of David Ricardo’s theory of differential 
rents, A. D. Roy's model of self-selection in 
labor markets and Jan Tinbergen’s theory of 
the pricing of heterogeneous labor units in a 
supply and demand multimarket equilibrium. 


A Methodological Appraisal of 
Marxian Economics 


Lectures in Economics: Theory, Institutions, 
Policy, Vol. 3 


By MARK BLAUG, Univ. of London, Institute 
of Education 


1980. 96 pages. 
US $24.50/Dfl. 50.00 Paperback 
ISBN 0-444-85424-X 


The aim of the lectures presented here is to. 


appraise Marxian economics as a scientific re 
search programme in the sense of Lakatos, that 
is, to assess its predictive record for the class of 
events with which it is concerned. 
CONTENTS: 1. Marx and Marxists on the Nature 
of Profits. 2. Marx and Marxists on the Future of 
Capitalism. 3. Marx on the History of Economic 
Thought. 


Prospects of Economic Growth 


Edited by $. K. KUIPERS and G. J. LANJOUW, 
Univ. of Groningen, The Netherlands 


1980. 295 pages. 
US $46.25/D fl. 95.00 
ISBN 0-444-85355-3 


This book covers the various aspects of the 
prospects of economic growth in the Western 
industrialized countries, and deals with the fol- 
lowing 8 major topics: 7. changes in the econo- 
mic order at the national level and the relation 
with economic growth, 2. changes in the eco- 


nomic order at the international level and their 
. relation to economic growth, 3. economic 


growth, technical progress and natural resour- 
ces, 4 economic growth and environment, 
5. prospects of employment growth, 6. shifts 


_in the. sectoral pattern of production, 7. the 


long wave in economic life, and 8. the possi- 
bilities of long-run forecasting. 
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Economic Dynamics: 
Methods and Models 


Advanced Textbooks in Economics, Vol. 16 


New Scarcity and Economic 
Growth 


More Welfare Through Less Production? 


MDE AAN 
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== By GIANCARLO GANDOLFO, University By ROEFIE HUETING, Netherlands Central £33 
= of Rome, Italy Bureau of Statistics B 
== 1980. 560 pages. 1980. 284 pages. = 
== US $46.25/Dfl. 95.00 US $29.25/Dfl. 60.00 Fre 
== ISBN 0-444-85419-3 ISBN 0-444-85400-2 m= 
== This textbook, a major revision of the author's The study describes the deterioration of the en- == 
== previous book, Mathematical Methods and vironment as a rapidly spreading new variety === 
== Models in Economic Dynamics, shows how the of scarcity. The scarcity is caused by the ine == 
== mathematical methods commonly used in eco- creasing demands made on the functions 23 
== nomic dynamics are utilized to build and to (possible uses) of the environment. This work == 
== analyze dynamic models. The focus is accor- is an important contribution to the knowledge $_= 
= dingly on methods, and every new mathematical and tools that maybe once will permit decision === 
== technique introduced is followed by, its appli- makers to balance the benefits of immediate === 
== cation to selected models. The material is care- economic growth against the decline in national ZZ= 
== fully organized and presented, worked out in environmental wealth. "=" 
= great detail, and complemented by many exer- u 
== cises and references. It ranges from an elemen- = 
= tary level to rather advanced methods and EFE 
== problems, so that the book is suitable for | TENEN = 
== both undergraduate and graduate use, for be- n preparation: = 
== ginners and advanced students, as well as for whos 
== use asa reference work. Distributed Lags === 
= Problems of Estimation and Formulation z= 
= Second Revised Edition E 
= By PHOEBUS j|. DHRYMES ke 
= Multiple Objective Decision l Economics of Shortage F 
= Methods and Regional Planning By JANOS KORNAI Te" 
= ae PACAR ANG Hra A Theory of the Multiproduct Firm == 
= AA By KENNETH LAITINEN === 
== By PIETERRIETVELD, Free University, e 
== Amsterdam Studies in Economic Theory and is 
== 1980. 340 pages. Practice EEEO == 
= US $36.50/Dfl. 75.00 Essays in Honour of Edward Lipinski = 
== ISBN 0-444-86001-0 Editor: JERZY XOS = 
= This work places multiple objective decision phe 3 = 
== methods ina broad multidisciplinary framework: Labor Unions and the Inequality of = 
== planning theory, psychology, economics and Earned Income = 
== philosophy. Special attention is paid to the By JOHN S. PETTENGILL a 
== communication aspects of decision-making: = 
= the basic question dealt with is how an analyst - Dri X Æ 
== can provide digestible information to decision- . The Fix-Point Approach to Inter === 
== makers, about the conflicts and compromises dependent Systems == 
== implied by complex decision problems. Editor: HERMAN WOLD = 
0729 NH 


Now tully up to date: 
First half of Report 1979 is out. 


Bibliographie 
der Wirtschaftswissenschaften 
(Bibliography of Economics) 


(bis Berichtsjahr 1967: Bibliographie der Sozialwissenschaften/ 
Until 1967: Bibliography of the Social Sciences). 


Internationale Dokumentation der Buch- und Zeitschriftenliteratur der Wirtschafts- 
wissenschaften / International Documentation about books and periodicals in the 
field of Economics. 


Redaktion/Editor: 

Bibliothek des Instituts fur Weltwirtschaft an der Universitat Kiel (Zentralbibliothek 
der Wirtschaftswissenschaften in der Bundesrepublik Deutschland / Central Library 
of Economics in the Federal Reputlic of Germany). 


Last publication: 
Vol. 71, New Series Vol. 30/1979, |. Cloth DM 152,- 
This volume will be completed in Autumn 1980. 


From the 1962 issue onward the bibliography also contains an additional classi- 
fication system and indices (subject and regional index) in English. When purchased 
together with the „Jahrbuch für Sozialwissenschaft' (yearbook for the Social 
Sciences) there will be a reduction in price. 


Bibliography of Economics Classification System: 

General Bibliographies. Commemorative Publications and Reference Books / 
Economic History / History, Objectives and Methods of Economics / Economic 
Theory / National Income Accounts. Input-Output / Economic Policy / Economic 
Reports. Statistics. Empirical Studies / Public Finance / Money and Credit / 
Economic Ressources. Infrastructure / Population / Labour. Household Income. 
Property / Social Policy. Public Health. Education, Science and Technology / 
Regional Development. Housing / Competition. Economic Concentration / Business 
Administration / Sectors of the Economy / International Economic Relations. 


Vandenhoeck&Ruprecht - Gottingen und Zurich 
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AEA sponsored 

- Group Life Insurance 

for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. 

Because AEA has joined a large Insurance Trust which 
includes other scientific and technical organizations, the low 
cost may be even further reduced by dividend credits. In the 
past seven years, insured members received credits on their 
April 1 semiannual payment notices averaging over 45% of 
their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future dividends and credits, and 
their amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill 
out and return the coupon for more details at no obligation. 








Administrator, AEA Group Insurance Program 
1707 L Street, N.W.--Suite 700 
Washington, D.C. 20036 


Please send me more information about the AEA Life Insurance Plan. 


© 
? 
Qı 


Nämen aaa AGG 





Address 


City aa a AG 





EE S EE AURO GA OEE E D SE E E 
Da mm m mas aa N ANR UA S GA u D À 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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suova JOUrNAl of Economic Development 


Alan Rufus Waters 


Oklahoma State University Volume 4 Number 2 December 1979 
BOARD OF EDITORS: Articles . l 
Dale W. Adams 
mis oe as ia . 7 A Demographic, Economic, and Social Summary of 
Chang Ang Universliy Major Non-Oil Developing Countries 
Jo Sup Chung David R. Kamerschen 
Chung-Ang University j 
Richard H. Day 23 The Relationship. Between Operating’ and Investment 
rhain Expeditures: A Problem ‘of Planning and Budgeting 
In Kie Kim David L. Anderson and T. A. Pinfold 


Chung-Ang University 


43 


Jeffrey B. Nugent 

University of Southern 

California 

Attiat F. Ott , . 6) 

Clark University 

Noel D. Uri i 

Depariment of Energy 89 

Richard Weisskoff 

towa State University 

Jang H. Yoo 

Virginia Commonwealth 115 

University 

Pan A. Yotopoulos 

Stanford University 129 
141 

-155 

169 


pi 


Submission of Manuscripts: 


On Exchange Rate. Policy i in a World of Generalized 


Floating: The Case of Korea — Won-Key Kwon 


Export Development, Product Life Cycle and LDCs: 
The Case of Korea Jeffrey S. Arpan and D. S. Kim 


United States and Japanese Direct Investment in 
Korea: A Comparative Study . Chung H. Lee 


International Trade in Manufactures Among the 
Developing Countries “UR: as l Jaleel: Ahmad - 


Measuring Internal and External ‘Costs of Sanitary 
Landfill Sites in Chicago pana Area. 
Eui-Gak Hwang 


Emigration and Growth: A Model for Small 


Developing Economics Yiu-Kwan Fan 


Contributions of the Determinants to the Rate of. 
Change in the Money Stock: The Case of Korea 


In Kie Kim 
Economic Factors in the Decline of Fertility 
in Japan Masanori Hashimoto 


Contributors in the U.S. and other countries should send their manuscripts t to: 


Jang H. Yoo 

Department of Economics 

. Virginia Commonwealth University 
Richmond, Virginia 23284 _ 2 


Contributors in Korea should send their manuscripts to: 


In Kie Kim - 

Department of. Economics . 
Chung-Ang University 
Heuksuk-Dong, Kwanak-Ku, 
Seoul, Korea 


Manuscripts should be written in English, and the JED’s writing style will be sent to the authors 
as soon as the referees accept the contents. 


Annual ‘Subscription Price: 


US $10.00 per year for individuals and US $20.00 for institutions. Payment should: be for- . 
warded to Jang H. Yoo, School of Business, Virginia Commonweath University, Richmond, Vir- 
ginia 28284, Outside the-U‘S., send payment to In Kie Kim, Department of Economics, Chung-Ang 
Üniversity, Heuksuk- “Dong, Kwanak-Ku, Seoul, Korea. 


ae 


a 
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THE ECONOMICS OF INTERDEPENDENCE 


Economic Policy in the Atlantic Community 

Published for the Council on Foreign Relations 

RICHARD N. COOPER. Now back in print, this volume offers a penetrating analysis of the 
complex and often contradictory economic currents flowing between the two hemispheres. 
Richard N. Cooper addresses the central problem facing the world’s macroeconomists: how to 
preserve the manifold benefits accruing from international trade while maintaining sufficient 
domestic freedom to pursue attractive political and economic objectives. A Morningside Book. 
316 pages, $20.00 cloth, $6.50 paper 


DOMESTIC AND MULTINATIONAL 
BANKING 


The Effect of Monetary Policy 

RAE WESTON. This comprehensive book demonstrates the impact of monetary policy on 
domestic and international banking. The author uses a blend of theory and empirical analysis 
to examine the progressive development of commercial banking, commencing with a model of 
a completely unregulated bank and moving to the regulated domestic bank, then to interna- 
tional and multinational banking. 240 pages, $32.50 


UNITED STATES TAXATION 
AND DEVELOPING COUNTRIES 


EDITED BY ROBERTHELLAWELL. This book explores United States tax policy as it relates to 
investment and other operations of multinational corporations in developing countries. In 
dealing with a wide range of domestic and foreign policy issues, the contributors address the 
thorny question of whether the U.S. should actively encourage its businesses to invest in 
developing countries, and whether a neutral U.S. tax policy is possible. Columbia University 
Center for Law and Economics. 448 pages, $30.00 


GLOBAL FOOD INTERDEPENDENCE 


Challenge to American Foreign Policy 

RAYMOND F. HOPKINS AND DONALD J. PUCHALA. Throughout this century the United 
States has been the world’s major exporter of food, influencing the prices, flow of trade, 
incentives for production, and degree of food security for other ‘countries. Global Food 
Interdependence is a searching examination of United States food policies in the areas of 
production, trade, and aid—policies which directly affect broader reaches of international 
affairs. 224 pages, $20.00 cloth, $7.00 paper 


Order any of the books advertised above by sending check or money order to Dept. JN at the address below, and 
including $1.30 per order for postage and handling. 


COLUMBIA UNIVERSITY PRESS 


136 South Broadway, Irvington, New York 10533 
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Announcing the 


Housing Fin ance Review 


a new quarterly journal sponsored by the Federal Home Loan Bank Board 
The first issue will appear in January 1981. . 





he 


Objectives | The Review will present the results of research in housing finance and 

 eeneeer will provide a forum ‘for a continuing dialogue on policy issues related to 
housing finance. All aspects of housing finance will be considered, 
regerdless institutional focus. 


Authors of high-quality, appropriate manuscripts are invited to submit 
them for consideration. All papers will be refereed. l 


Associate Editors ' . Kenneth R. Biederman Donald M. Kaplan Dale P. Riordan 

a Jack M. Guttentag Marshall A. Kaplan Kenneth T. Rosen 
Patric H. Hendershott > Sherman J. Maisel Craig Swan 
Dwight M. Jaffee Maurice Mann ; Kevin E. Villani 
Michael A. Jessee Richard G. Marcis Susan M. Wachter. 


Edward J. Kane Allan Meltzer 


= 


A free sample issue may be obtained by writing to the Editor. . 


For complete information, A. Thomas King, Editor 


authors’ guide, and to ‘Housing Financé. Review 
submit a manuscript Federal Home Loan Bank Board 
write to: 1700 G Street, N. W. 


Washington, D. C. 20552 
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THE ECOLOGY OF HOUSING DESTRUCTION 
By Peter D. Salins 


An International Center for Economic Policy Studies Book (ICEPS) 


“Two hundred thousand apartments have been destroyed within a decade. Another two hundred 


thousand are or are about to be owned by the city of New York, and thus are in the pipeline for imminent 
' destruction.” 


Thus, author Peter D. Salins characterizes the consequences of “The Ecology of Housing Destruction,” 
a process whose origins he traces to a set of interlocking public policies and private sector dynamics, many 
of them unique to New York City. : 

Other cities are considering the same government intervention measures that New York has employed 
for the past 30 years. THE ECOLOGY OF HOUSING DESTRUCTION is a timely and illuminating study 
of the existing policies and regulations which were meant to assist--but have actually destroyed the 


housing of New York City. 176 pages, $12.50 cloth, $5.95 paper 
Other books in the ICEPS series: 
The New Protectionism The U.S. Balance of Payments 
The Welfare State and International Trade and the Sinking Dollar 
By Melvyn B. Krauss By Wilson Schmidt 
119 pages. $10.00 cloth. $4.95 paper 157 pages, $10.00 cloth. $4.95 paper 


Available at your bookstore, or direct from: 


NEW YORK UNIVERSITY PRESS 
Washington Square New York, New York 10003 





The World Economy _ This monumental study is an account of the world economy 
HISTORY AND PROSPECT since the eighteenth century, an analysis and prescription for 
By W. W. Rostow the future, and a challenge to the reigning neo-Keynesian 
c CCN theories of income determination and growth. No other eco- 
: vona = nomic history of this depth and breadth exists. It has become 
YY AMES an invaluable reference for economists, economic historians, 
and other social scientists. 


“The scope of the book is astonishing . . . it traces the course of 
the world economy since the 18th century.” 
—Lindley H. Clark, Jr., Wall Street Journal 
“,.. the path of evolution from the pre-industrial to the advanced 
industrial condition is meticulously chronicled.” . 
—Jock Bruce- Gardyne, Daily Telegraph 
“,..one stands in awe at the breadth of Mr. Rostow’s learning, 


of the enormous amount of labour which he gave to his task. .. .” 
—Shepard B. Clough, Journal of European Economic History 


877 pp., $20.00, paper 
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University of Texas Press 
P.O. BOX 7819 AUSTIN, TEXAS 78712 
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INTRODUCING 


ECONOMICS READING LISTS AND COURSE OUTLINES 


Volumes of Current Reading Lists By the World’s Leading Economists 
Compiled by Edward Tower, Duke University and Simon Fraser University 
REVIVE OLD COURSES! CREATE NEW ONES! EXPAND THE POSSIBILITIES FOR 
INDEPENDENT RESEARCH AND STUDY! THIS WIDE COLLECTION OF FIRST 
RATE READING LISTS CAN ASSIST EVERY ECONOMIST! 


Vol. 


Vol. 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 


Vol. 


Vol. 


Vol. 
Vol. 


Vol. 


Vol. 
Vol. 


1 


On nm oO A W 


14 
15 


MICROECONOMICS including cost benefit analysis, game 
theory, social insurance and the economics of techno- 
logical change. 


MACROECONOMICS, MONETARY ECONOMICS, AND 
MONEY AND BANKING 


DEVELOPMENT ECONOMICS 

INDUSTRIAL ORGANIZATION AND REGULATION 
INTERNATIONAL ECONOMICS 

PUBLIC FINANCE 

COMPARATIVE ECONOMIC SYSTEMS 


ECONOMICS OF LAW, POLITICS AND WAR including 
public choice, radical economics, altruism, corruption, 
and the economics of race, class, sex and property rights 


ECONOMICS OF THE ENVIRONMENT, NATURAL RE- 
SOURCES, AGRICULTURE AND ENERGY 


ECONOMIC HISTORY including America, Europe, The 
Soviet Union, Britain and East Asia 


HISTORY OF ECONOMIC THOUGHT 


LABOR ECONOMICS including economics of- education 
and economic-demographic interrelations 


URBAN AND REGIONAL ECONOMICS including trans- 
portation economics 
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Inflation and the Stock Market 


By MARTIN FELDSTEIN* 


, 


This paper discusses a crucial cause of the 
failure of share prices to rise during a de- 
cade of substantial inflation. Indeed, the 
share value per dollar of pretax earnings 
actually fell from 10.82 in 1967 to 6.65 in 
1976.! The analysis here indicates that this 
inverse relation between higher inflation and 
lower share prices during the past decade 
was not due to chance or to other unrelated 
economic events.” On the contrary, an im- 
portant adverse effect of increased inflation 
on share prices results from basic features of 
the current U.S. tax laws, particularly his- 
toric cost depreciation and the taxation of 
nominal capital gains.” 


*President, the National Bureau of Economic Re- 
search (NBER), and professor of economics, Harvard 
University. This study is part of the NBER program of 
research on Business Taxation and Finance. I am 
grateful to participants in the NBER Summer Institute 
for helpful comments, and to the NBER and the Na- 
tional Science Foundation for financial support. The 
views expressed in this paper are my own and not those 
of the NBER or Harvard University. 

‘These price-earnings ratios are based on earnings 
net of real depreciation and with the inventory valua- 
tion adjustment. See my paper with Lawrence Summers 
(1979) for the description of the method by which these 
pretax price-earnings ratios are constructed. The tradi- 
tional Standard and Poor’s posttax price-earnings ratio, 
based on book profits (including inventory profits) fell 
from 17.45 to 9.02. An alternate measure of share-price 
performance, the ratio of the share price to the underly- 
ing real capital at replacement cost, fell from 1.214 in 
1967 to 0.788 in 1977. For further evidence of the 
adverse effect of inflation on real share prices, see 
Charles Nelson and John Lintner (1973, 1975). 

*The analysis also shows that it is unnecessary to 
invoke a theory of systematic error of the type de- 
veloped by Franco Modigliani and Richard Cohn. 

3] emphasize that these are tax rules in the United 
States. Share prices in other countries that do not tax 
capital gains and that permit extremely rapid tax 
depreciation of investments may respond very differ- 
ently to inflation. The relation between share prices 
and inflation in other countries is therefore of little 
relevance to the United States without a careful analy- 
sis of local tax rules. 
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This analysis shows that in order to un- 
derstand the structural relation between 
inflation and share prices, it is crucial to 
distinguish between the effect of a high con- 
stant rate of inflation and the effect of an 
increase in the rate of inflation expected for 
the future. When the steady-state rate of 
inflation is higher, share prices increase at a 
faster rate. More specifically, when the in- 
flation rate is steady, share prices rise in 
proportion to the price level to maintain a 
constant ratio of share prices to real earn- 
ings. In contrast, an increase in the expected 
future rate of inflation causes a concurrent 
fall in the ratio of share prices to current 
earnings. Although share prices then rise 
from this lower level at the higher rate of 
inflation, the ratio of share prices to real 
earnings is permanently lower. This perma- 
nent reduction in the price-earnings ratio 
occurs because, under prevailing tax rules, 
inflation raises the effective tax rate on cor- 
porate-source income. 

This process is illustrated in Figure 1. The 
top part of the figure shows the inflation 
rate. Until time tọ, the inflation rate is con- 
stant at 7); it then rises to a higher steady- 
state level, 7,. This increase is immediately 
and correctly perceived. The middle part of 
the figure shows that until tọ the price per 
share rises at a constant rate equal to the 
rate of growth of nominal earnings per share. 
At time tọ, the share price drops to a level 
consistent with the higher rate of inflation 
and then grows at the new higher rate of 
growth of earnings per share. Finally, the 
lower part of the figure shows that the price- 
earnings ratio falls when the inflation rate 
increases but remains constant as long as 
the inflation rate is constant. 

The starting point for this analysis is the 
way in which inflation raises the effective 
tax rate on corporate-source income. This is 
in sharp contrast to the common popular 
argument that share prices are depressed 
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because inflation raises the rate of interest 
that can be earned by investing in bonds. It 
is clear that this argument should be re- 
jected since the higher nominal rate of inter- 
est generally corresponds to an unchanged 
real rate of interest.” Indeed, since the entire 


nominal interest is subject to the personal | 


income tax, the real rate of interest net of 
the personal income tax actually falls. The 
analysis of Section I shows that, with exist- 
ing tax rules, inflation is likely to depress 
the real net rate of interest by less than it 
lowers the real net return to equity invest- 
ment. The simple valuation model that 
calculates the share value by discounting at 

the real net rate of interest leads to the 
= conclusion that, with current tax laws, an 


*The conclusion that inflation raises the nominal 
interest rate while leaving the real rate unchanged has 
been supported by evidence since Irving Fisher’s classic 
study. For more recent evidence, see my paper with 
Otto Eckstein, William Yohe and Denis Karnosky, and 
my paper with Summers (1978). 
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increase in inflation reduces the price that 
individuals are willing to gay for shares. 

Although this discounted earnings model 
of share valuation is a useful heuristic de- 
vice, it has the serious deficiency that it 
implies that individuals in different tax 
situations would piace different reservation 
values on the same shares. It is therefore 
inconsistent with the observation that the 
same stocks are held by individuals who 
face very different tax rates. The main anal- 
ysis of this paper therefore uses a more 
general stock valuation model to derive the 
assets demanded by investors in different 
tax situations—and then calculates the share 
value that achieves a market equilibrium. 

Numerical calculations with the market 
equilibrium model show how inflation can 
substantially depress the equilibrium share 
value because of our current tax rules. The 
model is however very simple. It should be 
regarded as an aid to understanding and not 
as a device for making precise calculations. 

A complete analysis of the effect of infla- 
tion on share prices requ:res considering a 
wider range of alternative investments and 
incorporating the possibilty that perceived 
risk varies with inflation. Explaining the his- 
torical experience also requires a model of 
the process by which both expectations and 
the capital stock adjust through time. The 
goal of this paper is more modest: an ex- 
amination of the way that taxes and infla- 
tion interact in affecting equilibrium share 
prices. The final section of the paper dis- 
cusses some of the ways in which this analy- 
sis could be extended. 


I. The Effect of Inflation on the Demand Price 
of Shares 


Consider first an economy in which there 
is no inflation. Each share of stock repre- 
sents the ownership claim to a single unit of 


capital and the net earnings that it produces. 


There is no corporate dett and all earnings 
are paid out as dividends. The marginal 
product of capital (net of depreciation), p, is 
subject to a corporate income tax at rate r. 


. 5Since each share of stock represents one unit of 
capital, the marginal product of capital is also the 
pretax earnings per share. 
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The earnings per share that are distributed 
to the individual investor are therefore (1 — 
T)p. Since there are no retained earnings, 
the earnings per share do not grow over 
time and there is no change in the value per 
share. The individual pays personal tax at 
rate 0 on the earnings that he receives. The 
individual’s net earnings per share are thus 
(-O)(l-r)p, | 

A simple model of share valuation implies 
that the price that the individual would be 
willing to pay per share (q) would make the 


net earnings per dollar of equity equal to the ` 


net interest that he would receive per dollar 
invested in government bonds, (1—@)r.° 
More realistically, individuals may require a 
higher yield on the riskier equity invest- 
ment; if this risk differential is denoted by 
6, the investor’s indifference condition be- 
comes 


(1) CINTO = (1-a)r+0 


The individual’s demand price per share is 
thus 


_ (1-8) -7)P 
(2) a ee 
(1—8)r+8 

What happens when the rate of inflation 
increases from zero to a positive rate 7? For 
simplicity, the analysis will assume an in- 
stantaneous and unanticipated increase to 7 
which is then expected to persist forever. To 
evaluate the new demand price per share, it 
is necessary to recalculate both the net earn- 
ings per share and the real net rate of inter- 
est. 

Under U.S. tax law, taxable profits are 
calculated by subtracting a value for depre- 
ciation from other net operating income. 
This value of depreciation is based on the 
original or “historic” cost of the asset rather 
than on its current value. When prices rise, 
this historic-cost method of depreciation 
causes the real value of depreciation to fall 


®See Mervyn King. He also treats the more general 
case in which retained earnings cause share prices to 
rise. À 
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and real taxable profits to be increased.’ As 
a result, real profits net of the corporate 
income tax vary inversely with inflation.? A 
linear approximation that each percentage 
point of inflation reduces net corporate 
profits per unit of capital by A implies that 
net corporate earnings per share of capital 
are (1—7)p—Az.’ After personal income tax 
at rate @, the individual receives (1 —@)[(1 — 
T)p —An]."° 

Inflation reduces these net earnings even 
further by imposing an additional tax on 
nominal capital gains. More specifically, 
even though the real share price remains 
constant at the new equilibrium value q, 
inflation causes nominal capital gains at the 
rate of wq.'! Capital gains are taxed at a 
lower rate than ordinary income and only 
when the stock is sold; the equivalent tax 
rate on accrued capital gains will be de- 
noted c.'* The extra burden caused by tax- 
ing nominal capital gains is thus caq. The 
real net earnings per share are therefore 
(1—01 —1)p—Aaw]—cmq. Note that a small 


7When there is no inflation, the various methods of 
“accelerated depreciation” that are allowed for tax 
purposes may cause tax depreciation to exceed the 
economic depreciation for some assets. This is sub- 
sumed in the effective corporate tax rate r. Accelerated 
depreciation does not change the conclusion that infla- 
tion reduces the real value of depreciation. 

8For a more complete discussion of this see my 
paper with Summers (1979) and my paper with Jerry 
Green and Eytan Sheshinski, especially the appendix 
by Alan Auerbach. Hai Hong, Brian Motley, and 
Richard Van Horne and William Glassmire discuss the 
effects of historic-cost depreciation and the implication 
for the effect of inflation on share values; they assume 
a single investor whose discount rate is unchanged by 
inflation. 

*It can be shown that with an exponental deprecia- 
tion rate of 15 percent and a growth rate of 3 percent, a 
7 percent inflation rate reduces net profits per unit of 
capital by 0.021; this implies A=0.30. Recall that each 
share of stock represents a claim to one unit of capital. 

10This assumes that inflation does not affect the 
pretax profitability of capital. The calculation also 
ignores the transitional effect of a lower present value 
of the future depreciation allowable on past invest- 
ments. 

These nominal capital gains are stated in constant 
dollars. If the price level at time t is e7', the nominal 
capital gain at that time is zge7*. 

2That is, c is the accrual rate of capital gains 
taxation equivalent to the present value of the tax that 
will be paid in the future when the stock is sold. 
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incredse in- the rate of inflation calculated at 
a=0 reduces these real net earnings by (1— 
OYA + ceq,” 

The effect of inflation on the real net rate 
of interest, (1—8)r—r, depends on the re- 
sponse of the nominal interest rate to the 
rate of inflation. As noted above, the U.S. 
experience has been that dr/dz=1. Thus 
d{i-@)r—a|/dr=—9. 

For reasonable values of the tax parame- 
ters, the decrease in net earnings per dollar 
of equity [(1—0)A+cq)/q] exceeds the de- 
crease in the real net interest yield on bonds 
[@]. For example, with a personal tax rate of 
6=0.3, a depreciation effect of A=0.30, an 
effective capital gains tax rate of c=0.15, 
and an initial share value per unit of capital 
of g=1, each 1 percent of inflation reduces 
the real net yield on equity by 0.36 percent 
and reduces the real net yield on debt by 
0.30. If the risk premium (8) is unchanged, 
this implies that the share price calculated 
as the discounted value of earnings per share 
will fall. 

More specifically, the simple valuation 
model that calculates the individual’s de- 
mand price per share by equating the real 
net yield per dollar of equity to the sum of 
the real net interest rate and the risk pre- 
mium implies 


(3) (1-8)[(1—7)p—Az] 


q ECN 
=(1—8)r—r+ 8 
or 
(4) at (1—8)[(1—r)p—Az] 


(1—-8)r—(1-c)r+8 


Differentiating g with respect to 7 with the 
condition that dr/da=1 implies 

dq  ~(1-0@)A+q(@-—c) 
(5) = auaa 

dx (1-—@)r—(1—c)7+6 


This is also true for 7>0 if the change in q is 
. ignored. 
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Since the denominator is positive,4 dg/dz 
is negative if 


(6) qa—c)<(1—8)A 


Several things about this condition should 
be noted. First, realistic values of the tax 
parameters satisfy the inequality and imply 
dq/da7<0. The example of 0=0.3, c=0.15, 
and A= 0.30 implies dq/da<0 even at q= 1. 
Second, the inequality is satisfied more easily 
for investors with low individual tax rates. 
In the important extreme case of a tax- 
exempt institution, 8=c=0 and the inequal- 
ity is satisfied for any value of A>0. Finally, 
for some itidividuals with high tax rates, the 
inequality will not be satisfied and dq/dz 
>0. 

This diversity of responses of q to the rate 
of inflation reinforces the implication of 
equation (4) that the demand price per share 
differs among investors according to their 
tax situation. An analysis of the effect of 
inflation on the market price of stock re- 
quires a portfolio model of investor equi- 
librium, In such a model, the risk premium 
(8) is both implicit and endogenous. The 
risk differential changes as the investor re- 
allocates his portfolio until á market equi- 
librium is achieved in which the same market 
value of stock is consistent with each inves- 
tor’s own portfolio equilibrium. The specifi- 
cation of such a model is the subject of 
Section II. Section [II then analyzes how the 
equilibrium responds to a change in the rate 
of inflation. 


II. A Market Equilibrium Model 
of Share Valuation 


The market equilibrium model builds di- 
rectly on the analysis of the previous sec- 
ticn. The economy is assumed to have two 
assets (risky equity shares and riskless 
government bonds) and two types of port- 
folio investors (tax-exempt institutions and 
taxable individuals). The analysis begins by 


14This is a necessary condition for a finite value 
of g. 

Recall that these calculations all assume a firm 
with no debt finance and no retained earnings. 
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specifying the investors’ portfolio equi- 
librium equations. When these are com- 
bined with the asset supply constraint, they 
implicitly define the market value per share 
of equity. This equilibrium model is then 
used in Section III to calculate the effect of 
changing from an equilibrium with a zero 
rate of inflation to a new equilibrium with a 
positive constant rate of inflation. 

The household’s investment problem is to 
divide its initial wealth between bonds and 
stocks. Equation (1) showed that, in the 
absence of inflation, the portfolio equi- 
librium of the households can be written 


O CZO e L-0) 


where the share price and interest rate carry 
a subscript zero to distinguish these initial 
pre-inflation values from the values of these 
variables when there is inflation. The risk 
premium 6,, has subscripts to indicate that 
it refers to the household in the initial 
equilibrium. 

The risk premium that a household re- 
quires to hold a marginal share of equity 
should be an increasing function of the 
amount of risk that the household is already 
bearing. More explicitly, I shall assume that 
6,9 18 proportional to the standard deviation 
of the return on the household’s portfolio. 
The source of this uncertainty is the vari- 
ability of the pretax equity return; the vari- 
ance of p will be written o. The after-tax 
variance per dollar of equity investment is 
thus (1—0) (1—7) a7 /q6. If the household 
has 5s, shares in the initial equilibrium, the 
dollar value of its equity investment is 5, oqo. 
Since bonds are riskless, the variance of the 
return'on the household portfolio is ‘S71 - 

0)°(1—7)°o,. If the risk premium is propor- 
tional to the standard deviation of the port- 
folio return, 


(8) ôo = Srs 1-9 )(1 —7)o, 


where ô, is a constant.’° 


1Note that a, is a standard deviation of a rate of 
return and is therefore i in the same units as the rate of 
return, i.e., percent per year. The coefficient &, is there- 
fore a unit-file number. 
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Substituting (8) into (7) and rearranging 
terms yields the share price that is consistent 
with the household’s chosen share owner- 
ship in the absence of inflation: 


6) qa ——— L. 
° (1-8) ry +6,5,9(1-9) (1 —T)o, 
Note that this household demand price for 
shares varies inversely with the quantity of 
shares that it holds. | 

For tax-exempt institutions, the relevant 
value of 8 is ‘zero. The portfolio equilibrium 
of the institution can therefore be written 


| (1—rT)p 
(10) Pa 


where the institution’s risk premium (indi- 
cated by subscript /) satisfies 


(11). 8:9 = 55:01 — )o, 


Combining these two equations yields the 
institution’s demand price per share: 


(1—7)p 
12 = — 
a da fo +6,8;9(1—7 Jo, 

The total number of shares outstanding, 
5, constrains the combined holdings of the 
institution and the household investors: 


(13) S=Sigt Spo 


This supply constraint and the two de- 
mand equations (9) and (12) are sufficient to . 
determine the equilibrium share price and 
the allocation of the shares between the two 
types of investors. The nature of this solu- 
tion is illustrated in Figure 2. The equi- 
librium relation of equation (9) is drawn as 
the household’s demand: curve for shares, 
Sholo). Similarly (12) is drawn as the in- 
stitution’s demand curve s;9(go). These are 


I7Note that, since (1—@) can be eliminated from 


r equation (9), the household and institution demand 


price equations differ in the absence of inflation only 
because of differences in §,. 


Capital 


* 
si sh, Number of Shares 


FIGURE 2 


added horizontally to get total share de- 
mand as a function of share price s,(qo). 
The intersection of this market demand 
curve with the supply constraint line § de- 
termines the equilibrium price gj and the 
corresponding share holdings (sf, and s} ). 

To use this model to study the impact of 
inflation on share prices, it is necessary to 
evaluate the parameters 6,0, and 4,0,. Al- 
though these parameters cannot be ob- 
served, their values can be inferred from the 
equilibrium conditions in the absence of in- 
flation. Thus equation (9) implies 


(1 —T)P— qoro 
(14 6,0 = meaa 
) ne Go(1-7) Sy 
and (12) implies 
tegis 
(15) 8,0, = (1 =17)P -4 
qC —T)S;o 


For these illustrative calculations, the pretax 
return to capital will be taken to be p=0D.11, 
the effective corporate tax rate r=0.4, and 
the interest rate in the absence of inflation 
rọ= 0.03. In 1970, households held $700 bil- 
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lion of equities while institutions (including 
private pension plans, foundations, educa- 
tional endowments, and insurance compa- 
nies) held $135 billion; I will therefore set 
Go5,0 700 and goS;o= 125. Together these 
assumptions imply 


(16) 6,6, =(0.157— .071g))10~? 
(17) §6,=(0.815— .370g,)10~° 


It is common to assume that the corpo- 
rate capital stock (and therefore p and 5) 
will adjust until in equilibrium q equals one. 
An alternative view is thet, with the corpo- 
rate financial behavior that is optimal under 
existing tax laws, this arbitrage will not be 
fully achieved and the equilibrium value of 
qo Will be less than one.'* Section III shows 
how, under either assumption, the introduc- 
tion of a moderate rate of inflation can 
cause a substantial fall in the share value. 


Ill. Inflation and the Market Equilibrium 
Share Value 


This section examines the effect of an 
unanticipated increase in the steady-state 


rate of inflation. The analysis assumes that 


the corporate capital stock: remains con- 
stant; this implies that the total number of 
shares (5) and the average pretax profitabil- 
ity (p) remain constant.' 

Inflation changes the net yields on stocks 
and bonds in the way described in Section I. 
For households, the real net yield on equity 
becomes (1—8)[(1—1r)p—Aa]/q,—cm and 
the real net return on bonds becomes (1 — 
?)r,—7. Since the nominal interest rises by 


8See Auerbach, David Bradford, and King for 
statements of this view. ` 

'9The assumption of a fixed corporate capital stock 
causes the calculation to overstate the change in the 
share price. If. g falls, capital will leave the corporate 
sector, raising p and thereby g. Since this would be 
anticipated by investors, the immediate fall would be 
less than that calculated here. A satisfactory solution to 
this problem requires a dynamic model with endoge- 
nous corporate investment decisions. 
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the rate of inflation,” r,=7)+7 and the real 
net return on bonds is (1—@)s)—@z. The 
new portfolio equilibrium therefore satisfies 


(18) ¢ OC ren] sor 


=(] —=0)r— Orts, 


where 
(19) Sn = Sasa - 8) —7)o, 


The household’s demand price for shares 
therefore satisfies 


(20) q= 


(1—8)[(1—r)o— Ar] 
(1—8) —(8—c)7+5,5,,(1-8)(1—7)o, 


Similarly, the institution’s demand price for 
shares (with 0=c=0) can be written as 


(1—r)p— Àr 
21 rer Sola Leah 
( ) 1 ho tô; —T a, 


Since the number of shares has not changed, 
it is still true that 


(22) SES tS, 


These three equations determine the new 
equilibrium share price and the correspond- 
ing allocation of shares. 

Before calculating the new equilibrium 
explicitly, it is useful to discuss the change 
with the help of a diagram. Figure 3 com- 
bines the no-inflation demand -equations 
originally shown in Figure 2 with the corre- 
sponding demand equations of (20) and (21) 
in the presence of inflation. The dashed 
— lines (Spoo) and. S:9(@)) show the no- 
inflation share demands and sp, the horizon- 
tal sum of these demand curves, gives the 


20See fn. 4 for evidence that this has been the 
historical experience in the United States. 
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Number of Shares 


FIGURE 3 


market demand. Comparing equations (21) 
and (12) shows that the institutions’ demand 
price is lower at every value of s,, but also 
tends to zero as s,, tends to infinity; the 
curve $,,(q,) is drawn in this way. Compar- 
ing equations (20) and (9) shows that the 
shift of the household demand curve is am- 
biguous since the numerator is reduced by 
~(1-~-@)Aa while the denominator is re- 
duced by ~(@—c)z. To emphasize the pos- 
sibility of a lower equilibrium price even 
when the household demand price rises, the 
household demand curve is drawn with the 
demand price at the initial value of s,,=0 
greater than its previous level. 

The new market demand curve s,(q,) 
coincides with the household demand curve 
until a price is reached at which institutions 
are willing to hold some stock. Thereafter, 
the market demand curve is the sum of the 
two demands. The new .equilibrium price 
occurs at a value of q, that is below the old 
equilibrium. Institutions reduce their share- 
holdings and individuals increase their 
shareholdings. 
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Equations (20) to (22) can be used to 
calculate explicitly the values of q} and of 
the separate shareholdings. Combining (20) 
and (21) and using s—s,, for s,, yields an 
equation for the new shareholding by 
households: 


§,0,(1 -@)(1 —7)s(0—e) a 


(23) Sia o (1—8)(1—r)[ 8;+6, | 
Consider first the new equilibrium when go 
was equal to 1. Using the values of 6,0, and 
5,0, implied by equations (16) and (17), and 
an inflation rate of 7=0.08, equation (23) 
implies that s,,=754, i.e., inflation causes 
households to increase their shareholdings 
from 700 shares to 754 shares.”! Substituting 
this value into equation (20) and setting the 
historic-cost depreciation penalty at A= 
0.3077 yields q, =0.812. The share price per 
unit of capital falls from one dollar to 81.2 
cents. Note that the value of household 
shares is reduced by the inflation from $700 
billion to $568 billion even though they hold 
an increased number of shares. 

A lower initial value per share does not 
change the conclusion that the share price 
falls but does reduce the relative magnitude 
of the fall. More specifically, if g)=.8,” 
-= equations (16), (17), and (23) imply that 
S,,= 746. Substituting into (20) yields ¢,= 
0.729 or 91 percent of the initial price. 


IV. Conclusion 


The simple model developed in this paper 
conveys the idea of how a higher rate of 
inflation can cause a substantial reduction 
in the ratio of share prices to pretax earn- 
ings. The higher effective rate of tax on 
corporate income caused by historic-cost 
depreciation and the tax on the artificial 
capital gains caused by inflation both re- 
duce the real net yield that investors receive 


21The other parameter values are 7=0.4, @=0.3, 
c=0.15, and $= 835. 

22See fn. 9. 

23 Auerbach and King show that under certain con- 
ditions the share price without inflation will be gy=(1 

-@)/(1—c) if the only shareholders are individuals 

with these tax rates. With our current tax values, this 
implies 0.82. 
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per unit of capital. Although the real net 
yield on bonds is also reduced, for many 
shareowners this is outweighed by the fall in 
the equity yields. 

The market equilibrium analysis exam- 
ined the impact of inflation when both stocks 
and bonds are held by risk-averse investors 
in quite different tax situations. It also 
showed how the equilibrium ratio of share 
prices to. earnings can fall even if the de- 
mand price per share for some individuals is 
actually increased by inflation. 

Of course, the increase in the effective tax 
rate caused by inflation has not been the 
only adverse influence on the level of share 
prices during the last decade. The slowdown 
in productivity growth, the higher cost of 
energy, and the increased international com- 
petition have all reducec pretax profitabil- 
ity. Although there is no clear evidence of a 
permanent fall in profitability (see my paper 
with Summers, 1977), the transitory reduc- 
tion may have caused some investors to 
project lower long-term pretax profitability. 
The higher tax rates on capital gains for 
high-income investors since 1969 further re- 
duced after-tax profitability. An increase in 
uncertainty has also had an adverse effect 
on price-earnings ratios. Dne source of this 
greater uncertainty is the increasing ratio of 
debt to equity on corporate balance sheets. 
In addition, after a period of steady growth 
and low inflation, the events of the past 
decade have added urcertainty to any 
evaluation of the future. Finally, in consid- 
ering the changes in the level of share prices 
over the past decade, it is important to 
recognize that the adverse effect of inflation 
has been perceived only slowly and imper- 
fectly. Some- investors have undoubtedly 
concluded incorrectly that even a steady 
rate of inflation would cause a continuing 
decline in the ratio of share prices to earn- 
ings. The share price level may therefore 
have overshot its equilibrrum level. 

A full understanding of the equilibrium 
relation between share prices and inflation 
requires extending the current analysis in a 
number of ways. The role of corporate debt 
and retained earnings should be included.” 


%An empirical analysis of corporate tax burdens 
with the existing corporate debt and retained earning 
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The possibility of individual investment in 
other assets like real estate should be recog- 
nized. A more explicit portfolio model 
could derive asset demand equations from 
expected utility maximization and could 
recognize that some institutional holdings 
are really indirect ways for individuals to 
hold assets in a tax-favored way. Finally, 
the simplification that the capital stock re- 
mains constant should be replaced by a 
more dynamic model that recognizes the 
effect of inflation on capital accumulation. 


shows that inflation raises the tax burden on equity 
investors as well as on total corporate sector capital; 
see my paper with Summers (1979). 

235A model of the interaction of tax laws and infla- 
tion in determining the price of gold and land is 
presented in my forthcoming paper. 


REFERENCES 


A. Auerbach, “Share Valuation and Corporate 
Equity Policy,” Nat. Bur. Econ. Res. work. 
paper no. 255, Cambridge, Mass. 1978. 

D. Bradford, “The Incidence and Allocative 
Effects of a Tax on Corporate Distribu- 
tions,” Nat. Bur. Econ. Res. work. paper 
no. 349, Cambridge, Mass. 1979. 

M. Feldstein, “The Effect of Inflation on the 
Prices of Land and Gold,” J. Publ. Econ., 
forthcoming. — 

and O. Eckstein, “The Fundamental 
Determinants of the Interest Rate,” Rev. 
Econ. Statist., Nov. 1970, 52, 363-75. 

—— and L, Summers, “Is the Rate of Profit 
Falling?,” Brookings Papers, Washington 
1977, 1, 211-27. 

and _____, “Inflation, Tax Rules 

and the Long-Term Interest Rate,” Brook- 

ings Papers, Washington 1978, J, 61-99. 





FELDSTEIN; INFLATION AND THE STOCK MARKET 847 


and , “Inflation and the 
Taxation of Capital Income in the Corpo- 
rate Sector,” Nat. Tax J., Dec. 1979, 32, 
445~—70. 

and , “Inflation, Price- 

Earnings Ratios and the Cost of Capital,” 

forthcoming. 

, J. Green, and E. Sheshinski, “Inflation 
and Taxes in a Growing Economy with 
Debt and Equity Finance,” J. Polit. Econ., 
Apr. 1978, 86, Part II, $53- S70. 

Irving Fisher, The Theory of Interest, New 
York 1930. 

H. Hong, “Inflation and the Market Value of 
the Firm: Theory and Tests,” J. Finance, 
Sept. 1977, 32, 1031-48. l 

Mervyn King, Public Policy and the Corpora- 
tion, London 1977. 

J. Lintner, “Inflation and Common Stock 
Prices in a Cyclical Context,” in The New 

_ Realities of the Business Cycle, Nat. Bur. 

~ Econ. Res. 53rd Annual Report, New York 
1973. 

a inflation and Security Returns,” J. 
Finance, May 1975, 30, 259-80. 

F.- Modigliani and R. Cohn, “Inflation, Ra- 
tional Valuation, and the Market,” Finan. ` 
Analysts J., Mar. 1979, 35, 3—23. 

B. Motley, “Inflation and Common Stock 
Values: Comment,” J. Finance, June 1969, 
24, 530-335. 

C. Nelson, “Inflation and Rates of Return on 
Common Stocks,” J. Finance, May 1976, 
31, 411-87. 

J. Van Horne and W. Glassmire, Jr., “The Im- 
pact of Unanticipated Changes in Infla- 
tion on the Value of Common Stocks,” J. 
Finance, Dec. 1972, 27, 1081—92. 

W. Yohe and D. Karnovsky, “Interest Rates 
and Price Level Changes, 1952-69,” Fed. 

` Reserve Bank St. Louis, Dec. 1969, 51, 
18-38. 











A Theory of Just Regulation 


By Li Way LEE* 


The regulation of prices, as. most theories 
describe it, results in winners and losers.’ 
Because someone is worse off as a result of 
regulation, the usual theories of regulation 
admit an arbitrary form of transitional in- 
equity. In effect, they deny groups of indi- 
viduals or firms the ability to organize or to 
find representation in the regulatory process 
to protect their interests. It is implausible to 
assume that issues of transitional gains and 
losses somehow fail to emerge in the regula- 
tion of prices, when they always loom large 
in other public policy areas such as taxation 
and public expenditure.” 

In this paper, I present a theory of regula- 
tion that meets three requirements. First, the 
regulation makes both the consumers and 
the producers better off. Second, no cash 
transfer from the consumers to the pro- 
ducers takes place. Third, the regulator is 
“fair” (or just) in the determination of price.’ 
When a regulation satisfies all three condi- 
tions, it is a just regulation. 

I view regulation as basically an exchange 
process that involves the transfer of the mo- 
nopoly-cartel enforcement function from the 
producer to the society. Furthermore, the 
transfer is reciprocated by the surrender of 
the power of price determination to a third 
party. Two conceptual steps are taken in 
creating this social institution. The first rep- 


resents a social contract to transcend the 


market in order to. bypass some of the loss 
of efficiency. The step involves an in-kind 
transfer (cartel enforcement) to the industry 


*Wayne State University. I have benefited im- 
mensely from many hours of discussion with James 
Hamilton and from a detailed and insightful referee’s 
report. My thanks for pointed comments also go to 
George Borts, Stephen Karlson, and Soc Bock Lee. 

1See Richard Posner, and Bruce Owen and Ronald 
Braeutigam for brief but useful surveys. 

*Gordon Tullock, Harold Hochman, and Owen and 
Braeutigam have considered the importance of transi- 
tional equity in policy making. 

3T use just and fair interchangeably in this paper. 
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and -a cash-equivalent surrender (pricing 
power) by the industry.* This exchange is 
opposed to the one involving cash transfer 
to the industry for an in-kind payment (in- 
creased output) to the public. The second 
step involves the arbitration of price.’ 

In this conceptual framework, then, a 
typical regulator acts as a social agent per- 
forming two functions: the enforcement of 
cartel order (or a privileged legal and eco- 
nomic status) and price arbitration. Regula- 
tory agencies routinely perform entry con- 
trol, auditing, etc., which are tasks that 
private cartels have to perform themselves 
in the absence of regulation. Price arbitra- 
tion is a standard function of public utility 
regulators, as many structural and proce- 
dural characteristics of agencies reflect. For 
instance, Roger Noll observes that “regula- 
tory agencies have been constructed to 
resemble high-level, collegial courts” and 
that “they appear to behave like these courts, 
emphasizing procedures and dealing with 
individual cases” (p. 7). The typical regula- 
tor’s interest in the balance of interests, the 
making of compromises, or the facilitation 
of bargaining, is the same as that of any 
arbiter.° 


4For discussion of cash transfer in the context of 
regulation, see George Stigler (1971) pp. 4-5, and Gary 
Becker, pp. 247-48. 

5Paul Joskow, p. 298, has stressed that the regula- 
tory agency sets price, not rate of return. 

®Posner argues: “Much regulation...may be the 
product of coalitions between the regulated industry 
and consumer groups...” (p. 351). Stigler envisions the 
theory of regulation as a theory of political equilibrium: 
“The final political equilibrium will be not that one 
party or the other ‘wins’ according to whose power is 
larger, but rather that an intermediate solution will be 
attained, where—at the margin—the strengths of the 
two parties are equal” (1975, pp. 138-39). Sam Peltz- 
man has substantiated the proposition in his vote-maxi- 
mization models of regulation. Also noteworthy is 
Claire Wilcox and William Shepherd’s reference to 
regulation as “part of a larger social bargain” (p. 332) 
or as “part of a Basic Social Contract” (p. 348). In fact, 
regulatory agencies’ effort at “balancing interest,” 
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The consensual notion of regulation is 
elaborated and applied below. The feasibil- 
ity conditions for Pareto optimal regulations 
are explained in Section I. A model of the 
determination of a “just price” is presented 
in Section II. The model then becomes an 
integral part of the rest of the paper. In 
Section III, I discuss how the incentives for 
regulation are related to market structure. 
In Sections IV and V, the model is 
expanded to allow for interventions by anti- 
trust agencies, consumer groups, and pro- 
ducer groups in the regulatory process. 


I, The Efficiency Basis of Regulation 


The essence of industrial power is control 
over supply that causes the market to gener- 
ate less than the maximum amount of bene- 
fit to the society as a whole. Also, the 
control is an asset with a real cost of main- 
tenance to the industry. 

As a rule, it is difficult for producers in an 
industry to set up a collusive: scheme, to 
police the cartel against price shading and 
related discounts, and, when antitrust laws 
are enforced vigorously, to evade detection 
and conviction. For the purposes of this 
paper, we need have only the broadest view 
of the cartel without regulation. In Figure 1, 
M is the cartel optimum without regulation.’ 
The consumer’s surplus at M is denoted by 
G° and the‘profit at M is denoted by 7°. 

The state has certain advantages over the 
private industry in the enforcement of 
private contracts, of which a cartel is a 
special case. The state has coercive powers 
such as imprisonment and the imposition of 
fines and taxation, which private industries 
could create only at greater costs (see 
Stigler, 1971, p. 4). Thus, the state may have 
economies of “size” in policing and auditing 
the conduct of a group.® The social mode of 


“making compromises” or “facilitating continual 
bargaining” is noted by almost all students of regula- 
tion. Only Peltzman and Gregg Jarrel, however, spell 
out exactly their visions of these social acrobatics. 

7Uniform multipart pricing and discriminatory pric- 
ing will be briefly considered later. 

8William Landes and Posner suggest that “...the 
economies of scale in [public law] enforcement appear 
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FIGURE 1 


cartel enforcement may be much cheaper 
than the private mode.’ 

Regulation as the social mode of carteli- 
zation requires a public outlay (E). The 
outlay likely increases with the output level 
(q). It may depend on the market structure 
(h) as well. I assume that the cost is borne 
by consumers through general taxation.!° 


to be concentrated in the investigative phase of 


enforcement (patrolling, auditing, etc.)...” (p. 30). They 
are not convinced, however, that public law enforce- 
ment in general has advantage over private law 
enforcement in terms of free-rider problems or econo- 
mies of scale. Regarding entry deterrence, Harold 
Demsetz argues: “The techniques available to firms 
without the aid of government are not very specific to 
penalizing only entrants.... An investment by an in- 
dustry to obtain government aid to monopolize is likely 
to yield much more control than the investment without 
the aid of government techniques” (1974, p. 181). 

?I have assumed that the substitution of the enforce- 
ment function is complete. This may not be true. For 
example, the regulator may refuse to enforce product 
differentiation; consequently, the cartel still has to self- 
regulate quality rivalry. The extent of the substitution 
of the social for the private cartelization itself may be 
subject to bargaining. For any given aspect of cartel 
enforcement, the substitution may be less than total. 
Furthermore, the extent of substitution may vary from 
one aspect of the enforcement to another. I prefer the 
present approach for its simplicity. 

'0The relevant consideration should be that part of 
the social enforcement cost actually borne by con- 
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Then there exists a hypothetical maximum 
price at- which the consumer’s surplus is 
exactly the same as without regulation. This 
“social concession price” (p” in Figure 1) 
must satisfy 


O) f q@dp-E(q";h)=6° 
P 


where g=q(p) is the inverse demand func- 
tion and q” =q( p”). Similarly, now that the 
burden of enforcement has been transferred 
to the consumer, the cartel faces a hypothet- 
ical minimum price at which its profit is 
unchanged. This “industry concession price” 
(p’ in Figure 1) must then satisfy 


(2) p'g —C(q')=2° 


where q'=q(p’). 

As illustrated in Figure 1, the two conces- 
sion prices along with the demand curve 
define a potential, maximum efficiency gain 
from regulation,'' In addition, p’ and p” 
establish the respective lower and upper 
bounds of the price to be set by the regula- 
tor. - 

For some price p* between p’ and p”, the 
consumer’s surplus and the profit, are, re- 
spectively, 


(3) ats f "a(p) d-E(a*: h) 


(4) 2*=p*tq*—C(q*) 


where g*=q(p*). It must also be true that 
both consumers and producers are better 
off: ) 


(5) G*t-G°>0 and 


w*—7°>O0 


No cash transfer from the consumer to the 
producer need take place. 


sumers. However, this modification is not essential as 
long as the cost borne by consumers is proportional to 
the total social cost. l 

“For a well-behaved demand function, there are 
actually two prices that satisfy (1) and two other rrices 
that satisfy (2). As long as the ranges defined by zhese 
two sets of prices overlap, there will be a gain Irom 
regulation. 
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Note that the efficiency gain by regula- 
tion does not require a relative cost ad- 
vantage of social enforcement. An efficiency 
gain still may result even if the social en- 
forcement of the cartel has a cost disad- 
vantage vis-a-vis the private enforcement, 
because regulation recovers part of the 
deadweight loss in the free market. Also 
note that the scheme explained above is 
sufficient but not necessary for Pareto opti- 
mal regulation without cash transfer. For 
example, regulation may involve the public 
enforcement of a multipart tariff or a dis- - 
criminatory price structure that the industry 
enforced at high costs to itself (more on this 
in Section III). | . 

In any case, it is part of the premise of my 
theory that industry profit will be higher 
and price lower than would be the case if 
the cartel were privately organized. Other 
theories predict differently. The public inter- 
est theory predicts that price and profit will 
be lower than if the cartel were adminis- 
tered privately (or enjoyed no preferential 
legal status). The capture theory predicts 
that both will be higher (see William Jordan). 
Peltzman’s theory predicts that both will be 
lower (p. 223). 

The four magnitudes, G°, 7°, G*, and 7* 
are the building blocks for the rest of the 
paper. I consider G° and 7° to be functions 
of the structure of the industry (A), the 
antitrust enforcement (a), thés.consumer 
participation (x), and tne industry par- 
ticipation (y). As to G* and 7*, it already is 
clear that they depend on p*. Further, G* 
depends on A through the dependence of E 
on h. Later, I will assume that G* and a* 
are influenced by x and y. The nature of 
those dependencies will be explained as we — 
go on. In sum, the four fundamental func-. 
tions, with all their arguments written out, 
are: G°(h, a, x, y), 7°(h, a,x, y) G*(p*, h, 
x, y), and w*(p*, x, y). 


Ii. A Model of the Just Price 


The socialization of cartel enforcement 
and the industry’s relinquishment-of pricing 
power pave the way for ‘a price reset. Since 
price is crucial in determiring the net gains 
from regulation, and inasmuch as pricing 
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power easily may be abused, the need for an 
impartial price setter is evident. In this sec- 
tion, I explore a model of just price.!? 

~ Observers of regulatory agencies often 
point out that regulators shun publicity and 
controversies, and that they try to be fair in 
their decisions. However, what would con- 
stitute a fair decision is not explicitly spelled 
out in statutory mandates or court interpre- 
tations. Regulatory agencies have no incen- 
tive to conform to any ideal principle of 
social justice. Rather, they try to fulfill the 
social expectation of what is fair. Thus, the 


agencies are subject to all the influences in. 


the political economy when they arbitrate 
prices. As R. Duncan Luce and Howard 
Raiffa have observed in connection with 
arbitration: “We may suppose that the arbi- 
ter sincerely envisages his mission to be 
‘fairness’.... The arbiter can be assumed to 
want to suggest a solution which will seem 
‘reasonable,’ both because he is sincere and 
because he may wish to be hired for such 
tasks in the future” (p. 121). Arbitration 
usually reduces significantly the cost of 
bargaining. When it is binding, it also 
eliminates the possibility of failing to reach 
an agreement. For example, in a large- 
number context, such as in regulation, bind- 
ing arbitration by a social agent overcomes 
the free-rider problem. 

A remarkably simple and practicable con- 
cept of fairness is embodied in the Nash 
solution to bargaining (see Luce and Raiffa, 
pp. 124-37; Shubik, pp. 48-51). The solu- 
tion satisfies four axioms of arbitration. We 
may state those axioms in our own terms. 


12 Just price is an exceedingly appealing term, used 
frequently but seldom defined well. For example, J. de 
Graaff says: “I suggest that the only price a public 
enterprise or nationalized industry can be expected to 
set is what we may as well call a just price—a price 
which is set with some regard for its effect on the distribu- 
tion of wealth as well as for its effect on the allocation 
of resources” (p. 155). Also, see David Winch. 

Regarding the regulator as an arbitrator helps 
account for many characteristics of the regulatory pro- 
cess. Consider, for example, the much observed and 
lamented fact that appointees to commissions are 
mostly politicians or lawyers (Noll, pp. 100, 108; 
Stigler, 1975, p. 163). By specialization, the expertise 
required of an arbitrator resides in these people rather 
than in economists. See Owen and Braeutigam for 
detailed discussion. l 
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First, the regulated price must be invariant 
to linear transformation of the consumer’s 
surplus and profit (invariant with respect to 
utility transformation). Second, there exist 
no other prices that make at least one group 
better off without making the other group 
worse off (Pareto optimality). Third, the reg- 
ulator would not subsequently consider 
things that he did not concern himself with 
when he first determined the price (indepen- 
dence of irrelevant alternatives). Fourth, the 
factors that matter to the regulator are en- 
tirely economic (for example, cost structure 
and demand function); he is neither pro- 
consumer nor proindustry (symmetry). 
Nash proves that the utility function of 
the arbiter who adopts those axioms of arbi- 
tration is unique: it is the product of the net 
gains from bargaining. In my terms, the 
regulator who tries to be fair in the Nash 
sense above would determine a price p* that ` 
maximizes 


(6) (G*—G°)(a*—m°) 


In this paper, I call that price the just price. 
I feel that the Nash axioms are believable in 
the context of regulation. At least, they do 
not seem totally arbitrary. As Luce and 
Raiffa have remarked: “[An arbiter] will try 
to satisfy some consistency requirement. In 
addition, as with most adjudicators, he will 


be anxious to defend his suggested solutions 


with some fairly good rationalization. All 
this means that he should be prepared to 
formulate and to defend the basic principles 
which lie behind his suggested compromises 
—they should not be completely arbitrary” 
(p. 121).'* The Nash axioms give meaning to 
the observation that regulators are under 
pressure to make decisions that trigger the 
least amount of controversy.!° 


l4See also Luce and Raiffa, pp. 128-34; Thomas 
Schelling, Appendix B; John Harsanyi (1956) p. 147, 
(1961) pp. 188-90; Amartya Sen, pp. 118-23; John 
Rawis, pp. 133-35. For applications of the Nash con- 
cept, see Harsanyi (1962) and Clive Bell and Pinhas 
Zusman. 

ISNoll has argued that one success indicator to a 
regulatory agency is “the failure of the courts or the 
Congress to override a decision by the regulators, on 
either procedural or substantive grounds” (p. 40). To 
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A notable feature of the Nash solution is 
its dependence on the so-called “threat posi- 
tions” of the bargainers, namely, what they 
would receive respectively if the consensus 
broke down. In regulation, those positions 
simply are G° and 7°, i.e., the consumer’s 
surplus and profit without regulation. Thus, 
a Nash regulator is constantly aware of 
how things would be without regulation. 
(Whether actual regulators are is a question 
that can be answered only by checking one’s 
own experience with predictions of my the- 
ory.) Last but not least, the absence of side 
payment in the solution reflects nicely my 
assumption that cash transfer is infeasible. 

The surpluses and profits in this paper 
should be regarded as what the regulator 
perceives; they may be subject to various 
influences, as I will assume in later sections. 
Taking all extraneous influences as given, 
however, the regulator determines the price 
p* that maximizes (6). The marginal condi- 
tion for p* is 


Jar* 


gp > 











this he adds a second success indicator: “cortinued 
operation of the regulated sector” (p. 40). My assump- 
tion is also similar to Joskow’s in his theory of the 
regulatory agency which involves two “primary aztors”: 
the firm and the regulatory agency. Consumer interest 
is one of the “potential actors.” Rate and return struc- 
tures are determined on certain norms of “fairness.” 
These norms are adopted so as to “minimize conflict 
and criticism appearing as ‘signals’ from the economic 
and social environment in which they operate, subject 
to binding legal and procedural constraints imposed by 
the legislature and the courts” (p. 297). His theory 
assigns a very passive role to the consumer group. 
` Consumers do not intervene if price remains constant 
or drops; rate of return is of no interest to them. Owen 
and Braeutigam lay great emphasis on the fairness in 
regulation. They argue that the reliance of the regula- 
tory process on administrative rules makes possible 
effective representation of interest groups, and that the 
power to delay wielded by interest groups in regulation 
tends “to slow down the rate at which the free market 
redistributes income, thus reducing the risks faced by 
voters” (p. 26). Regulation guarantees fair treatment 
because “[t]he essence of administrative law is that the 
decision-making process must conform to reasonable 
standard of fairness...” (p. 22). 
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From (3) and (4), it can be shown that 


aG* ME* 
(8) ape ~-<"| 14 p* Jar 


or" * — MC* 
o erf) 


where MC* denotes the marginal cost 
of production (dC/dq), ME* stands for 











_ the marginal cost of social enforcement 


(0E/0dq), and 7* is the demand elasticity, all 
evaluated at R=(qg*, p*) in Figure 1. The 
second-order condition is 


0G* d7* 
=(G*—G? —— 
(10) D=(G*-G (== 42 ap* ap* 
a| 0°G 
+(a* =r ( ; we") <0 


From (7) (or the Pareto optimality of the 
Nash solution), it follows that dG* /dp* and 
da* /dp* take on opposite signs or that they 
both vanish. In the latter case, the regulated 
price maximizes both the consumer’s sur- 
plus and profit. When, as is more likely, G* 
and 7* vary with p* in opposite directions, 
one of the following two Pareto. optimality 
conditions must hold 


(11) dG*/dp*<O0 and da*/dp*>0 


or 


(12) dG*/dp*>O0 and da*/dp* <0 


Pareto optimality condition (11) is the more 
familiar of the two. It indicates that, at the 
regulatory optimum, the consumer would 
benefit from a higher cutput at a lower 
price, while the producer would benefit from 
a lower output at a higher price. This condi- 
tion must follow when Æ is fixed (1.e., ME= 
0}. Pareto optimality condition (12) is un- 
usual. It means that the consumer would 
benefit from a lower output at a higher 
price, while the producer would benefit from 
a higher output at a lower price. This condi- 
tion applies when the maximum consumer’s 
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surplus occurs at a lower output level than 
the profit optimum, with R lying between 
the maxima. It is a logical possibility follow- 
ing from the social enforcement of cartel 
(see (3)). In this paper, I assume that condi- 
tion (11) holds. Condition (12) is ruled out 
as empirically implausible in the regulation 
of price.!6 

The marginal condition (7) may be writ- 
ten explicitly as 


(13) se=[14(2—ME Ine] / 
+(e jr 


where S*(=(m*— n? )/(G*— G°)) stands for 
the net-gains ratio. By the assumption of 
condition (11), both the numerator and de- 
nominator are positive. One can see that, at 
the regulatory optimum, the net-gains ratio 
is systematically related to the marginal so- 
cial surplus of output (MSS*): 





(14)  MSS*=p*—(MC*+ ME*) 


Consider the following possibilities: 

(a) When the marginal social surplus is 
negative (MSS* <0), producers gain more 
from regulation than consumers (S* > 1). 

(b) When the marginal social surplus is 
zero (MSS*=0), the net gains are equal 
(S* = 1). Such is the case, for example, when 
regulation maximizes simultaneously the 
consumer’s surplus and profit." 

(c) When the marginal social surplus is 
positive (MSS*>0), consumers gain more 
from regulation than producers, (S* < 1). 

Therefore, regulation will likely entail 
deadweight loss to the extent that the mar- 
ginal social surplus at the regulatory opti- 
mum is nonzero. Zero deadweight loss 
results only when consumer’s surplus and 


16In other areas of public policy, however, condition 
(12) is not implausible. When overburdened by taxes, 
consumers often wish to have lower governmental out- 
put at a higher tax price. 

The simultaneous maxima occur only if (ME*/ 
p*)=(p* — MC*)/p* = —1/ņ* at R, as can be seen 
from (8) and (9). 
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profit are maximized simultaneously at the 
regulatory optimum. 


II. Market Structure and the Incentive 
for Regulation 


If a consumer were to pick out an in- 
dustry for regulation from a continuum of 
industries that differ only in their structure, 
having identical demand and cost condi- 
tions, which one would it be?! -Which 
industry has the strongest incentive for regu- 
lation? Answers to these questions would 
provide us with some clue as to which in- 
dustries are likely to be regulated.” 

Assume that one can define market struc- 
ture (h) by the concentration in the market. 
Choose the concentration measure that re- 
lates most closely to the degree of collusion 
in the industry. The continuum of in- 
dustries then is indexed by A. Associated 
with each h are a pair, G° and 7°. Following 
the concentration-collusion doctrine, as- 
sume further that, across the continuum, 
industry profit without regulation is posi- 
tively related to industrial concentration, 
and that the consumer’s surplus without reg- 
ulation is negatively related to the industrial 
concentration.*! It also seems reasonable to 
assume that the cost of social enforcement 
of a cartel decreases with concentration. For, 
the smaller is the number of firms, the lower 


181 pose the question in this peculiar way to pre- 
clude the effect of size on incentives: across industries 
of comparable concentration, those with large sale 
volume will be more likely regulated than small in- 
dustries, ceteris paribus. It also suggests that as an 
industry experiences secular growth in demand, the 
attraction of regulation will become greater. 

Posner, for example, has remarked that “...the 
economic theory has not been refined to the point 
where it enables us to predict specific industries in 
which regulation will be found. That is because the 
theory does not tell us what (under various conditions) 
is the number of members of a coalition that maximizes 
the likelihood of regulation” (p. 347). 

20See Stigler (1964), and Robert Dansby and Robert 
Willig on the rationales for concentration indices. 

21 Demsetz discusses the alternative hypothesis that 
concentration is related to lower cost of production. 
When this is true, it is possible that consumer’s surplus 
without regulation is positively related to industrial 
concentration. 
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would be the cost of controlling their be- 
havior. In symbols, these assumptions are 


dG° dG* dE 

(15) S- >0; aa CODA (= an) 29 
Market structure is assumed to have no 
direct effect of 7*, the profit of the industry 
with regulation. 

Suppose further that if the continuum of 
industry were regulated, they all would be 
Pareto optimal. Then there exists a con- 
tinuum of regulated price. How does the 
regulated price vary with structure, ceteris 
paribus? By totally differentiating (7) with 
respect to A, we obtain 








(16) 
op* _ oa* ee SOs Bm 
dh Op* oh dh op* dh 
+ntr’) m |o- 


Because it follows from the conzentration- 
collusion doctrine that high concentration 
endows the industry with a strong threat 
position relative to that of the consumer, 
and because high concentration, for a given 
price, benefits consumers by reducing the 
cost of enforcement (see (15)), the first two 
terms tend to make the regulated price rise 
with concentration. The third term may 
work in the opposite direction because high 
concentration intensifies the depressing ef- 
fect of price on consumer’s surplus, as the 
. saving in the social enforcement cost that 
accompanies the reduction in output due to 
higher price is low for a highly concentrated 
market.” If, as I feel is likely, market struc- 
ture affects only the fixed-cost component 
of £, the third term would be zero. In this 
- case, the sign of (16) is unambiguously posi- 
tive, implying that highly concentrated in- 
dustries, ceteris paribus, have high regulated 
prices. If, on the other hand, market con- 
centration reduces Æ by shifting WE down- 


My reasoning follows from differentiating (8): 
8(8G* /ap*)/dh= —(8ME* /3h)(aq* /ap*)< 0. 
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ward, the sign of (16) would be inde- 
terminate. In the latter case, concentration — 
may exert an overall negative influence on 
regulated price for certain ranges of market 
structure. I suspect that this is unlikely. But 
then the sign is best investigated empirically. 

Turning now to the incentives, I associate 
the net gains from regulation, (G* — G°) and 
(7* —7°), with the consumer’s incentive and 
the producer’s incentive for regulation, re- 
spectively. I first examine the dependence of 
the consumer’s incentive for regulation on 


‘market structure, after which I examine that 


of the industry’s. 

The consumer’s incentive for resulation 
varies with market structure in the following 
way: 


8(G*-G°) aG* dp* 3E aG? 
(fe ee eee 
oh dp* dh oh dh 





The various terms in the expression are de- 
fined by (8), (16), and (15). Figure 2 depicts 
the simplest behavior of the consumer’s in- 
centive as a function of concentration. Note 
that the incentive reaches a maximum, de- 
fined by. (G* — G°)/dh=0. Thus; one may 
in principle determine the concentration 
most conducive to regulation from the con- 
sumer’s point of view. 

The industry’s incentive for regulation is 
also positively related to the net gain from 
regulation. It varies with concentration ac- 
cording to 


O(ar*—a7°) ðr* ap* _ On? 
(18) dh op* ðh oh 


The various terms in the expressions are 
defined by (9), (16), and (15). Again, Figure 
2 describes the simplest behavior of (18). 
The maximum industry incentive for regula- 
tion is reached at a concentration defined 
by 0(a* —7°)/dh=0. Note that the optimal 
concentration for the consumer in general 
differs from that for the industry. 

It might seem unlikely that the optimal 
concentrations are extremely high (monop- 
olistic), or low (atomistic). For both monop- 
olistic and atomistic markets, no significant 
cost of maintaining industrial power is in- 
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FIGURE 2 


curred by producers. Hence, Pareto optimal 
regulation would seem improbable. How- 
ever, I contend below that the bargaining 
theory of regulation is capable of explaining 
regulations of monopolistic and atomistic 
markets when we relax certain assumptions 
of the theory thus far. 

I have maintained, up to this point, that 
Pareto optimal regulation can be based on 
the socialization of the cost of maintaining 
industrial power and that the industry prac- 
tices simple pricing, with or without regula- 
tion. These assumptions are not necessary 
for Pareto optimal regulation. 

A monopolist in the truest sense of the 
word may submit to regulation if regulation 
can cut down ‘the cost of production. For 
example, if the cost of production could be 
reduced through the use of eminent domain, 
then a monopolistic producer might agree to 
regulation. My theory still applies even 
though here there is no pecuniary burden of 
enforcement on the consumer. Alternatively, 
the regulation of a natural monopoly may 
involve the offer to the monopolist of a 
schedule of discriminatory prices or a multi- 
part tariff entirely below the monopolist’s, 
in return for the control over price. Without 
regulation, the natural monopolist either 


finds price discrimination unprofitable to . 


practice (due to cost of administration, re- 
sale, or antitrust), or practices it at high 
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costs. Regulation benefits the natural mo- 
nopolist not only because his cost of output 
goes down by the amount of the cost of 
enforcing a price schedule, but also because 
the revenue possibly goes up as the marginal 
price is brought more in line with marginal 
cost without fear of losing revenue on in- 
tramarginal units. The regulation of natural 
monopoly may benefit consumers because 
they individually pay lower (though perhaps 
still multipart or discriminatory) prices and 
now consume more, and because new con- 
sumers can be brought into the market due 
to the lower, regulated price schedule. 
Similarly, one need not always fall back 
to some political theory of regulation to 
explain the regulation of atomistic industries 
(for example, trucking). The regulation of 
some atomistic markets can be regarded as 
a consequence of the social consensus 
reached between a cartel and consumers at 
an earlier time. To the extent that the social 


~- contract involves a transfer of the carteliza- 


tion function to the public, the restriction of 
entry will be regarded as an integral part 
of the contract. The effect of the appearance 
of a good substitute on the demand as per- 
ceived by the cartel is exactly the same in 
nature, if not in degree, as that of the entry 
of a producer of an identical product. The 
cartel naturally would bargain for the re- 
striction of the competition from close sub- 
stitutes. Further, the cartel would demand 
that regulation be imposed on a substitute 
industry in its incipiency, namely, before its 
full competitiveness could be developed. The 
regulation of close substitutes would very 
early maintain sufficiently high prices for 
the substitutes, or attempt to hinder non- 
price competition by the substitutes. It is 
no wonder that regulation tends to 
spread from an established market over to 
developing, related ones. One can also un- 
derstand why established industry prefers 
that the regulatory power over related 
markets be centralized in a single regulatory 
agency. Hence, when the railroad cartel and 
the consumers submitted to regulation, they 
had committed themselves to the regulation 
of close substitutes if and when they appear. 
When trucking had proven itself to be an 
effective competitor to railroads, the regula- 
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tor responded by fulfilling an implicit con- 
tractual obligation to the railroad cartel. 

In sum, while my analysis makes the most 
attractive market structure for Pareto opti- 
mal regulation depend on the details of reg- 
ulation itself, it does imply that the most 
unattractive one, from both the consumer’s 
and the producer’s viewpoints, is an atamis- 
tic market that poses no threat to any 
established, regulated market. These impli- 
cations differ from those of other thecries. 
The public interest theory predicts that in- 
dustries with natural monopolistic structure 
will be most attractive to regulate. The cap- 
ture theory has no definite prediction of 
industries most likely to obtain regulation, 
‘presumably because of the important roles 
assigned to political variables. Peltzman, in 
his generalization on the capture theory, 
finds that “[ejither natural monopolistic or 
natural competitive industries are more 
politically attractive to regulate than an 
oligopolistic hybrid” (pp. 223-24, emphasis 
added). My analysis, I should repeat, deals 
with the economic incentives for regulation. 


IV. The Interaction of Antitrust 
and Regulation 


In many markets, regulatory statutes make 
special provisions to exempt specific or gen- 
eral actions of the regulated industries from 
antitrust prosecution as long as the actions 
have the approval of the regulators (see 
Walter Adams). However, antitrust agencies 
still may participate in regulatory proceed- 
ings as intervenors and may litigate (see 
Phillip Areeda). How does antitrust policy 
affect the regulatory outcome? 

By attacking industrial collusion in gen- 
eral, antitrust affects the regulatory outcome 
through two channels in my model.” 1) 
Antitrust decreases the profit of the industry 
without regulation, thereby weakening the 
industry’s bargaining position in regulation. 
2) It increases the consumer's surplus 
without regulation, thereby strengthening the 


23In my earlier paper, I treat some models of inter- 
action of cartel and antitrust. 
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bargaining position of the consumer.” De- 
noting the antitrust activizy level by a com- 
posite index of inputs, a, we write these 
assumptions in symbols as 


om? dG? 
U) a O 


>0 

To see how these affect the regulated price, 
differentiate (10) totally with respect to a 
and obtain 


(20) 
ap* _ [ 3G* ax? , da* IG? ) yaa 
ða -{ dp* da dp* da |p a 


The two channels of influence are repre- 
sented by the two terms in the numerator, 
respectively. Since the sign is negative (see 
(8), (9), and (19)), I conclude that stepped-up 
antitrust activity will lower prices. The result 
is consistent with the impression that the 
application of antitrust laws in a regulated 
market can “stimulate substantial adjust- 
ments by a regulatory agency” (Edward 
Zimmerman, p. 382).”° 

The role of antitrust in regulation as de- 
scribed above is entirely indirect. The anti- 
trust agency need not carry out a program 
directed at the regulated irdustry other than 
perhaps participation in the regulatory pro- 
cess as an intervenor. Inherent in the Nash 
solution is the implication that the regulator 
keeps himself informed of the general level 
of antitrust activity in the economy and of 
the current gist of antitrust philosophy. 
Therefore, the regulator has an idea of the 
threat positions, 7° and G°, as they are 
related to a. (Note that the threat positions 
would realize instantaneously once the regu- 


24n addition to those two effects, antitrust interven- 
tion also may affect directly the cost of social enforce- 
ment. Thus, E may be written as E(q, a). I feel that 
such .consideration is secondary and have chosen to 
ignore it. 

5G. William Schwert, pp. 143-44, has found evi- 
dence that the pressure put by the Antitrust Division 
on the Securities and Exchange Commission to aban- 
don price fixing among stockbrokers brought about 
substantial reductions in New York Stock Exchange 
seat prices. 
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latory consensus breaks down; one need not 
traverse backward in fime to find those 
positions.) Antitrust activity undirected at 
the regulated industry still would depress 
the regulated price. 

The analysis above has broader applica- 
tion. I have said in Section III that the 
appearance of substitutes (or events leading 
to lower barrier to entry) would create de- 
mand on the part of the regulated industry 
for their regulation. The analysis above im- 
plies, however, that the regulation of sub- 
stitutes never can be perfectly effective in 
protecting the interest of the established in- 
dustry. The threat position of the industry 
weakens: as it becomes evident to all that 
substitutes are available and could compete 
effectively if regulations were not in force. It 
follows that the regulator would, in fairness, 
determine a lower price for the established 
industry. Hence, petitions for entry, even if 
consistently denied, and the appearance of 
close substitutes, even if immediately regu- 
lated, still would lower the regulated price 
of the established regulated industry. 

How does antitrust policy affect the in- 
centives for regulation in a regulated in- 
dustry? I examine the effect on the incentive 
for the consumer group first. The consumer’s 
net gain from regulation (G*~G°) is a 
function of the antitrust activity, a. The 
marginal effect of a on consumer incentive 
is 


Gag aa ea aa 


From (8), (20), and (19), it is seen that both 
terms on the right-hand side of the equation 
are positive. This means that the consumer 
surpluses, G* and G°, always increase with 
antitrust. However, the difference between 
the two, which is the consumer’s incentive 
for regulation, may first increase with anti- 
trust activity and then decrease with it. The 
optimal antitrust activity on the regulated 
market from the consumer’s point of view is 
defined by 0(G* ~G°)/da=0. 

Next, note that the producer gain from 
regulation (7*—77°) is also a function of a: 


O(a*—7°)  da* ap* dar? 
(22) da ~ Op* ða da 
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From (9), (20), and (19), it is seen that both 
terms on the right-hand side of the equation 
are negative. What this means is that, al- 
though 7* and 7° decrease with antitrust, 
their difference, which is the industry’s in-. 
centive for regulation, may initially increase 
with antitrust activity and then decrease. 

These observations point to the possible 
existence of a range of antitrust activity 
within which both the consumer and the 
producer will have a growing desire for ex- 
isting regulation. As the antitrust activity 
increases beyond this range, there may be 
conflict in that one party’s desire grows 
while the other’s diminishes. Finally, as the 
antitrust activity increases further, the desire: 
for regulation diminishes for both. These 
ranges can be illustrated by Figure 2, where 
h is replaced by a, h' by a,, and so forth. 
For a<a,, both incentives grow with a. For 
a,<a<a,, the incentives vary in opposite 
directions. For a>a,, both incentives di- 
minish with a. 

Finally, it may also be seen from (21) and 
(22) that, as antitrust activity grows, it would 
be in the interest of the industry and to the 
detriment of the consumers somehow to ex- 
empt totally the regulated industry from an- 
titrust prosecution (i.e., to make dp* /da=0). 


‘In this way, the interest of the industry in 


regulation would grow continuously with 
antitrust, since without the shield of regula- 
tion, the industry would have been in great 
trouble. 

The analysis of market structure and in- 
centives for regulation in Section III also 
implies that antitrust policy may affect the 
regulatory outcome through a program 
aimed at changing the structure of the regu- 
lated industry. For instance, deconcentra- 
tion of the regulated industry, with no side 
effect on costs and demand conditions, may 
(but also may not) decrease the regulated 
price in accordance to (16). 

The calculation of the effect of antitrust 
enforcement on the regulated price (dp* /da) 
shows the redistributive impact of antitrust; 
it provides no information about the rela- 
tionship between antitrust and efficiency. 
To discuss the latter, one needs a well- 
specified model of regulation-antitrust inter- 
action. In the model examined below, I as- 
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sume that the antitrust agency takes the 
reaction function of the regulated price to 
antitrust activity as given and determines 
the level of antitrust activity to maximize its 
own objective. I further assume that the 
antitrust agency maximizes the net social 
surplus 


(23) U* =G*+2*—A(a) 


where A(a) is the opportunity cost of a. The 
“efficiency” bias introduced here is obvious. 
The regulator is assumed to be concerned 
about the fairness of the division of social 
surplus, while the antitrust agency iS as- 
sumed to be concerned about the size of the 
social surplus. This behavioral assumption 
admittedly has a weaker empirical founda- 
tion than that about the regulator. Antitrust 
authorities may be concerned with “fair 
competition”.in some sense, instead of with 
efficiency per se. On the other hand, existing 
empirical evidence of the antitrust agency’s 
behavior, when properly interpreted, do not 
show gross mismanagement of antitrust re- 
sources (see my earlier paper). 

The first-order condition for the optimal 
antitrust policy is obtained by maximizing 
U* with respect to the antitrust activity: 


* 4 





(24) [ p* _(Mc*+mE*)]22 wi 


where the interaction term dp*/da is de- 
fined by (20). We may express the condition 
in terms of elasticities: 


MSS* A @* 
Cp a oF 


where 9* is the elasticity of A with respect 
to a, o*(< 0) is the elasticity of the regulated 
price p* with respect to antitrust spending a, 
and 7*(<0) is the demand elasticity, all 
evaluated at (p*, q*). 

Conditions (7) and (24) form a model of 
antitrust and regulation interaction, in which 
the antitrust agency acts as the leader and 
the regulatory agency as the follower. Several 
implications of the antitrust regulation con- 
dition (25) are noteworthy. First, the mar- 
ginal social surplus remains positive. It fol- 
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laws that consumers gain more from regula- 
tion than producers (recall the discussion 
below (14)). The antitrust agency interven- 
ing in a regulated industry acts as if it were 
proconsumer. Second, the condition above 
implies that the more recalcitrant is the reg- 
ulated price to antitrust (i.c., lower ¢*), 
ceteris paribus, the higher is the marginal 
social surplus at the antitrust regulation 
equilibrium. Third, the more inelastic is the 
demand of an industry, ceteris paribus, the 
higher is the marginal social surplus at 
the equilibrium. 


V. Information and Interveners 


In the regulatory process described thus 
far, consumers and producers have had no 
active role to play. In reality, however, con- 
sumers and producers often participate in 
regulatory proceedings to influence the price. 
Further, their presence seems to matter.”° 

There are two roles for intervenors in the 
regulatory processes. One role is political: to 
press for “preferential” treatment. The other 
is economic: to provide the regulator with 
information. I do not consider the political 
role of intervenors for two reasons, the first 
being that the political approach in effect 
requires that the Nash solution to arbitra- 
tion be abandoned.”’ The second and more 


26 Joskow (1972) has found in a sample of electricity 
and gas company rate cases in New York that the 
presence of cost of capital testimony by the companies 
raised the allowed rate of return by 0.40 percentage 
points on the average. On the other hand, the presence 
of cost of capital testimony by consumer-interest inter- 
venors reduced the allowed rate of return by 0.172 
percentage points on the average. 

27One way of incorporating the political role of 
intervenors is to remove the assumption of symmetry in 
the Nash solution concept of arbitration. Let x and y, 
composite indices of inputs, be the participation activ- 
ity levels of the consumers’ group and the producers’ 
group, respectively. The regulator’s objective may be 
hypothesized to be the determination of a price that 
maximizes the following function 


(G*— GPa —7°) 8) 


where f(x) and g(y) are increasing functions of x and 
y. The price that maximizes the above function satisfies 
all the Nash assumptions but symmetry. The symmetry 
assumption is satisfied only if f(x) and g(y) turn out to 
be equal. 
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important reason is that I have found that 
the implications of the political approach do 
not qualitatively differ from those of the 
economic approach. 

Most regulators operate with imperfect 
information. In particular, a regulator may 
lack precise knowledge of the factors un- 
derlying the consimer’s surplus and profit, 
with or without regulation. To the extent 
that a regulator makes decisions on the ba- 
sis of what he knows, intervenors may affect 
the regulatory outconie by providing in- 
formation to the regulator strategically. 
(Meanwhile, I assume that the regulator still 
lives by his Nash principles of fairness.) Let 
x and y, composite indices of inputs, be the 
participation activities of the consumer and 
the producer groups, respectively. The ef- 
fects of x andy on p* are given by the 
following derivatives obtained from (7) by 
total differentiations: For a consumer inter- 
venor, 











a Fn 

(26) ax a ax ox 
aG* (dn* dme) , 4, 0°G* 
Op (= ax EG 4 )Sp¥ax 





The counterpart derivative for an industry 
intervenor is the expression above with y 
replacing x.” One may predict the signs of 
these expressions by anticipating how the 
intervénors typically would argue in a rate 
hearing before the regulator. 

When a consumer intervenor testifies, the 
following is the likely substance of his 
testimony: 

1) He advises the regulator of the “in- 
` adequate” benefit that consumers receive as 
a result of regulation: 0(G* — G°)/dx <0. 

2) He argues that the current profit of 
the producer is “excessive”: 0(a* —97°)/0x 
>0. 


28In deriving this expression, I ignore possible ef- 
fects of x (and y) on E. 
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3) Hé emphasizes that at present, 
lowering the price would bring “significant” 
benefit to consumers: 0(0G* /dp*)/dx <0. 

4) He points out that the effect of 
lowering the price on the prodiicer’s prof- 
it would be “insignificant”: 9(07*/dp*)/ 
dx <0. 

Turning to (26), we see that those points 
of advocacy precisely would make the sign 
of dp* /dx negative. Thus, the advocacy by 
intervenors on. behalf of consumers would 
lower the regulated price. The presence of 
the producer representatives arguing just thé 
opposite would raise the. regulated price 
(ap*/ay>0). 

To formulate the intervenors’ behavior, 
we need to know. their objectives and how 
they each expect other actors in regulation 
to react (i.e., what they do and do not take 
as given). The following formulation is sim- 
ple and intuitive. The consumer group inter- 
venes in the regulatory process to maximize 
the consumer’s surplus (G*); the producer 
group intervenes to maximize profit (a*). 
The consumer intérvenors observe only the 
reaction of price to their own participation 
activity level, taking as given the producers’ 
and the antitrust agency’s activities. As to 
the producer intervenors, they also take into 
account the reaction of price to their own 
participation activity, expecting the con- 
sumer intervenors and the antitrust agency’ S 
activities to remain fixed. Further, it is only 
reasonable to assume that the consumer in- 
tervenors themselves do not see x as an 
argument of G* and that the producer inter- 
venors themselves do not see y as an argu- 
ment of 7*. Those arguments were intro- 
duced to represent the effects of persuasion 
on regulatory outcome. Intervenors need not 
persuade themselves. 

Now the conditions for optimal participa- 
tion by the consumer group and the pro- 
ducer group can be derived. For the con- 
sumer group, it maximizes (G*— X(x)) 
subject to (13) by a suitable choice of x, 
where X stands for the opportunity cost of 
x. The niarginal condition for optimal con- 
sumer intervention is 


dG* ap* dX 
Op* ox dx 








(27) 


860 THE AMERICAN ECONOMIC REVIEW 


The producer group maximizes (7* — Y(y)) 
subject to (13) by a suitable choice of y, 
where Y is the opportunity cost of y. The 
marginal condition for optimal producer in- 
tervention is 


(28) 


For the second-order conditions, diminish- 
ing marginal returns to persuasion (07p*/ 
dx?, a7p* /dy”?<0) and increasing marginal 
costs of persuasion (3°X/3x?, 07Y/day?>0) 
would be sufficient. In the marginal condi- 
tions, dp* /dx.and dp* /dy are reaction terms 
defined by (26) and the counterpart for y. 

All in all, there are four actors in regula- 
tion: the regulator, the antitrust agency, the 
consumer group, and the industry group. 
Each behaves in a well-specified way. The 
regulator behaves in the Cournot manner. 
The remaining three behave towerd the reg- 
ulator -in the von Stackelberg manner, and 
toward each other in the Cournot manner. 
The interaction of these actors is rep- 
resented by a system of four equations: (7), 
(24), (27), and (28). The solution to this 
system of equations constitutes the regula- 
tory equilibrium. 

Instead of reporting on the full compara- 
tive static properties of the regulatory 
equilibrium, here I remark on some simple 
but useful properties of the reaction func- 
tions. One example should suffice. Equation 
(27) may be regarded as the reaction func- 
tion of the consumer intervenors with respect 
to the producer intervenors (and the anti- 
trust agency). We ask: How do the con- 
sumer intervenors behave as the producer 
intervenors increase their activity? Take the 
total differential equation of (27) with 
respect to x and y (assuming da=0) and 
rearrange: 





* gank 271% 2 
(29) | 36% Vpt , BGs _ aX 
Op* əx? dap*dx dx? 


_ | dG* 3?p* 9 /3G* 
~ | Op* dxdy = zq ðp* Ne 


The bracketed term on the left-hand side is 
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the second-order condition of (27); there- 
fore it is negative. The one on the right-hand 
side consists of two mathematically com- 
plicated terms, on which, however, one may 
form reasonable expectations. We may ex- 
pect that more producer-intervenors’ activ- 
ity, other things being equal, diminishes the 
marginal effectiveness of consumer inter- 
venors (0(dp* /dx)/dy <0), and aggravates 
the adverse effect of price on the consumer’s 
surplus (0(dG* /dp*)/dy>0.” It then fol- 
lows that dx/dy is positive, implying that as 
the producer-intervening activity increases, 
the consumer-intervening activity also in- 
creases. A similar analysis of equation (28) 
leads us to the reasonable conclusion that 
the producer-interest intervenors also react 
to increasing consumer-intervening activity 
by increasing their own activity. 

Thus, we expect that measures that exclu- 
sively reduce the marginal cost of consumer 
intervention in regulatory proceedings, such 
as those facilitating the process of aggregat- 
ing individual consumer interests into a col- 
lective interest, will lead to heightened 
consumer participation as well as producer 
participation, even though the regulated 
price may be lowered. Further, measures 
that reduce the cost of consumer as well as 
producer participation simply would in- 
crease the intervening activities of both, 
while possibly leaving the price unchanged. 


VI. Conclusion 


In this paper, I have discussed regulation 
as a collective choice to transcend the market 
in order to realize efficiency gains. This is 
accomplished through the socialization of 
cartel enforcement and the institution of 
social arbitration in price determination. The 


2°The persuasion variable y affects the marginal rate 
of change in G* with respect to p* in two ways: 


a( 6°) Aa _ 8G* ap* _ a7G" 
dp* ve apt? əy dp*dy 


First, y raises p*. Second, y increases 3G*/dp* by 
instilling the notion that price does not severely affect 
consumer’s surplus (that is, the second term on the 
right-hand side is positive). 
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usual assumption that some interest group 
necessarily loses or wins in regulation is 
avoided. Both the consumer group and the 
producer group gain in my model. More- 
over, the arrangement does not rely on open 
cash transfer from the consumers to the 
producer, which has been politically unpop- 
ular. The arrangement involves a transfer in 
kind from the public to the producer (cartel 
enforcement) and a cash transfer from the 
producer to the public (lower price). Thus, 
the arrangement not only is mutually bene- 
ficial to the consumer and the producer, but 
. also possesses a high degree of political 
feasibility. 

The conflict that does arise in my model 
has to do with how the gain from regulation 
is to be shared. Fairness becomes the over- 
riding concern in the process. 

I believe that the Nash solution to arbitra- 
tion captures well the social reality that what 
is fair depends on the threat advantages of 
the groups in conflict. The deliberate vague- 
ness in statutory mandates regarding the 
meaning of just price or “fair return,” and 
the notorious inability of courts to define 
exactly what they are, amount to a tacit 
admission that the very concepts are unde- 
finable in general. They are to be defined 
within specific contexts. What the Nash 
solution implies is that the groups them- 
selves will ensure that the outcome reason- 
ably reflects their relative threat advantages 
in a specific context. Therefore, the pressure 
tactics being applied to regulatory agencies 
may be simply informative. 
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Basic Research and Productivity Increase 
in Manufacturing 


By EDWIN MANSFIELD* 


Basic research is defined by the National 
Science Foundation (NSF) as “original in- 
vestigation for the advancement of scientific 
knowledge...which dofes] not have im- 


mediate commercial objectives” (1959, p.- 


124). A hotly debated topic among econ- 
omists, scientists, technologists, and pol- 
icymakers! is: Does basic research, as con- 
trasted with applied research and develop- 
ment, make a significant contribution to an 
industry’s or firm’s rate of technological in- 
novation and productivity change? Al- 
though economic studies (see Zvi Griliches, 
1980; my 1968 book and my 1980 paper; 
Nestor Terleckyj) indicate that R&D ex- 
penditures have been directly related to its 
rate of productivity change, they have been 
unable to shed light on this question, be- 
cause no attempt has been made to disag- 
gregate R&D. (See my 1977 paper.) One 
purpose of this paper is to fill this void. 
Specifically, the paper attempts to de- 
termine whether an industry’s or firm’s rate 
of productivity change in recent years has 
been related to the amount of basic research 
it performed, when other relevant variables 
(such as its rate of expenditure on applied 
R&D) are held constant. 

A second purpose of this paper is to pre- 
sent data obtained from 119 firms concern- 
ing past and prospective changes in the 
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the Foundation takes no responsibility for the views 
` expressed here. My thanks go to Z. Griliches, L. 
Lederman, R. Nelson, and K. Shell for comments on 
an earlier draft, and to J. Kendrick for providing me 
with unpublished data. 


iFor two influential studies, see Illinois Institute of ‘ 


Technology Research Institute and Chalmers Sherwin 
and Raymond IJsenson. Of course, the mere fact that 
industry carries out some basic research does not prove 
that it makes a significant contribution to innovation 
and productivity change. Also, see my coauthored book, 
1977, and Richard Nelson. 
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composition of their R&D expenditures. In 
recent years, there has been widespread feel- 
ing that American industry has reduced the 
proportion of its R&D expenditures going 
for relatively basic, long-term, and risky 
projects. However, very few data are avail- 
able regarding the extent to which such 
changes in the composition of industrial 
R&D expenditures have taken place. And no 
information whatsoever seems to be availa- 
ble concerning firms’ expectations regarding 
future changes of this sort. My results seem 
to be ‘the first data on this subject, about 
which there is currently so much discussion. 


I, Interindustry Differences in the Rate 
of Productivity Increase: The Model 


The first step is to analyze the relation- 
ship between an industry’s rate of productiv- 
ity increase and the amount of basic re- 
search it performed. The model used here is 
essentially the same as that employed by 
Griliches, Terleckyj, and myself, among 
others, except that research and develop- 
ment is disaggregated into two parts: basic 
research, and applied research and develop- 
ment. In a particular industry, the produc- 
tion function is assumed to be 


(1) 


where Q, is the industry’s value-added in 
year t, R,, is the industry’s stock of basic 
research capital, R,, is the industry’s stock 
of applied R&D capital, L, is the industry’s 
labor input, and K, is the industry’s stock of 
physical capital in year t.? Thus, the annual 


. = At pal pa2yrgi—r 
Q 5Ae RRL, K, 


2 The concept of a stock of research capital has been 
used by most investigators in this field. (See Griliches 
1973 and 1980; my 1968 book; Terleckyj.) Our defini- 
tions of R,, and R,, are in accord with those used in 
previous work. Specifically, the stock of basic research 
capital in year t equals =,w,,;X,_;, where X,_, is the 
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rate of change of total factor productivity is 


aR,,/dt dR, /dt 
P= Ata] awe +a, a 
; t 


ta 


dRaldt | 0, dR.,/dt 


Ra OR tb AO 


athe: AR,/dt _ 8Q, dR,,/at 
Rea OR pa Q, 


dt dR 
aR,,/ +9, ta/ at 
Q. Q, 


where ¢o=90,/3R,, and $,=00,/ Ria 
Because the rate of growth cf each in- 
dustry’s stock of R&D capital (both basic 
and applied) cannot be measured directly, I 
assume, as Griliches and Terleckyj did, that 
an industry’s expenditure on R&D during 
year t is approximately equal to that year’s 
change in the industry’s stock of R&D 
capital. For this assumption to hold, the 
depreciation of the R&D capital and the lag 
in the effect of this investment must be 
small enough to be ignored.? Alihough the 
assumption of no lags is a useful starting 
point, I relax this assumption later. (See fn. 
7.) According to John Kendrick, Terleckyj, 
and others, an industry’s annual rate of 
change of total factor productivity also de- 
pends on the extent to which the industry’s 
workers are unionized.* To avoid specifica- 


Since a 


(2) p=At+% 


expenditure by the industry on basic research in year 
t—i, and w, is the proportion of this expenditure that 
is still productive in year t. The stock of applied R&D 
capital in year t equals 2,w,,;A,_;, where A,_, is the 
expenditure by the industry on applied R&D in year 
t-i, and w is the proportion of this expenditure that 
is still productive in year t. 
3The rationale given by Griliches and Terleckyj for 
ignoring depreciation is that, because so Little was spent 
on R&D prior to World War II and because the rate of 
growth of R&D expenditures in the 1950’s was so high, 
the amount of depreciation that would have been able 
to build up during the period covered by our data 
should be small. Relatively little is known about the 
length of the relevant lags, although some data on this 
score are presented in my 1968 book and my 1980 
paper. 
4See Kendrick and Terleckyj. Another variable that 
Terleckyj found to be statistically significant in some 
specifications was the percent of the industry’s sales to 
nongovernment buyers, I included this variable in those 
equations where he found it was significant. For the 
results, see fn. a of Table 1. 
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tion errors, I therefore include u,, the per- 
cent of the industry’s workers that are union 
members, as an additional independent vari- 
able in equation (2). Thus, the resulting 
equation is 


X A 
(3) P= A+ $05. +915, + ott, 


where X, is the industry’s expenditure on 
basic research in year t, and A, is the in- 
dustry’s expenditure on applied RaD in 
year t. 

During the period to which my data per- 
tain, there seems to have teen only a limited 
amount of variation in an industry’s value 
of X,/Q,, A,/Q,, and u, Thus, as a first 
approximation, it seems reasonable to sup- 
pose that X,/Q,=B, A,/Q,=D, and u,=u. 
Then, if an industry’s values of A, 9, 9%), 
and, are statistically independent of its 
values of B, D, and u, it follows that 


(4) P;=A+byB;+ o,D, +ou; +z; 


where p; is the annual rate of change of total 
factor productivity in the ith industry dur- 
ing this period; B,, D,, and u; are the values 
of B, D, and u in the ith industry, A, $9, $ip 
and @, are the average values of A, $o $i» 
and @, in all relevant industries, and z; is a 
random error term.° 


II. Econometric Results 


To what extent can equation (4) explain 
the differences among manufacturing in- 
dustries in the rate of increase of total factor 
productivity? To answer this question, we 
must have data concerning p,, Bp» D; 
and u; Kendrick has provided data con- 
cerning p; for the twenty 2-digit SIC manu- 
facturing industries during 1948-66. Fol- 
lowing Terleckyj, who has used a similar 
sort of model to analyze Kendrick’s data, 
each of the independent variables (other 


>With regard to A,/Q, and X,/Q,, the earliest com- 
parable data are for 1953. Comparing an industry’s 
value of A,/Q, in 1953 with that in 1966, I find that 
there is a high correlation (r=.S1) between them, and 
that the intertemporal variation in A,/Q, is much 
smaller than the interindustry variation in‘ it. Similar 
results were found for X,/ Qv 
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TABLE 1— RESULTS OF REGRESSION TO EXPLAIN RATES OF PRODUCTIVITY INCREASE 
IN TWENTY MANUFACTURING INDUSTRIES, 1948-66° 





Independent Variables? 

Constant B, D, YU, Di Dzi I, Lyi Y, R? 

4.80 1.49 068 — 056 — m - ~ - 63 
(3.34) (2.75) (3.90) 

4.74 1.33 - — 055 105 055 - — ~ 63 
(1.51) (3.54) (0.59) (0.80) 

4.37 1.66 — 084 — 055 — me 54 — — 71 
(4.55) (1.59) (4.73) (3.10) 

4.28 1.50 — 18 — 054 — m — 14 - 80 
(4.94) (0.71) (5.57) (4.41) 

446 285 084 — 061 — _ — — 065 86 
(0.81) (5.17) (6.37) (4.80) 

4.83 .682 _ — 064 — 023 122 — — 0.68 87 
(1.27) (6.32) (0.21) (2.88) (4.90) 

4.46 572 .005 — 059 — ~ 27 _ 054 86 
(1.67) (.14) (7.02) (2. 97 (4.16) 

4.42 665 .035 — 058 -= — 37 045 86 
(1.85) (1.29) (6.81) (2.11) (2.90) 


“Besides these regressions, I calculated all of Terleckyj’s equations in his Tables 4~9 with B, and Y, added (and 
with the nonsignificant non-R&D variables in his equations omitted). In practically all cases, the regression 
coefficient of B; is significant when it alone is added. When both B, and Y, are added, the regression coefficient of Y, 
is always highly significant, but the regression coefficient of B; is significant in only one-third of the equations. The 
estimated coefficients of the independent variables are generally similar to those shown here. 

bAII of the independent variables, as well as the dependent variable, are expressed as percentages. The number in 


parentheses below each regression coefficient is its ¢-value. 


than u,, which pertains to 1953) is measured 
as of 1958. To measure B,, I calculated the 
ratio of each industry’s expenditure on basic 
research to its value-added in 1958, based 
on data published by the National Science 
Foundation and the Commerce Depart- 
ment.° Terleckyj has provided data concern- 
ing D; and u;. Using these data, I regressed 
p; on B,, D;, and u, with the results shown 
in Table 1. All three independent variables 
turn out to be highly significant, and over 


‘The data regarding B, are based on the basic re- 
search expenditures reported in the 1961 edition of 
Research and Development in Industry. Note that both 
government- and company-financed basic research are 
included. In two cases, the NSF provided data regard- 
ing two of the industies combined. I allocated the basic 
research expenditures between the two industries in 
proportion to their applied R&D expenditures (as re- 
ported in Terleckyj). This procedure is very unlikely to 
result in any serious error, since these industries do 
very little basic research. If an industry did no applied 
R&D in 1958, according to Terleckyj, and the NSF 
provided no indication that it carried out any basic 
research, I assumed that its basic research expenditures 
were zero in 1958. 


60 percent of the variation among industries 
in the rates of productivity increase are ex- 
plained by the equation.’ 


7The effects of R&D often occur with a lag, and the 
lag for basic research is generally thought to be much 
longer than for applied R&D. Because so little is known 
about the length of these lags, previous work along this 
line has sometimes (but not always) ignored them; but 
once we separate basic research from applied R&D, it 
is hazardous to continue this procedure, since the lags 
in the effects of basic research may be quite long. If an 
expenditure on basic research is included in the stock 
of basic research capital only after a lag of 9, years, 
and if an expenditure on applied R&D is included in 
the stock of applied R&D capital only after 0, years, 
equation (3) must be modified as follows: 


P=A+$q “ye nee a. 








64 
+ hott, 


If 7, is the average annual rate of growth of the 
industry’s value-added between year t—@, and year t, 
and if r, is the average annual rate of growth of the 
industry’s value-added between year t—@, and year t it 
follows that 


Xı-0, 





P= Atha 0 Py Te 2 + gouty (over) 
~b 


t-—8, 
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-~ To see how robust these results are, I 
_experimented with some other specifications 
of the regression equation. First, I divided 
the total amount of applied R&D into 
two parts: the amount that is privately 
financed, and the amount that is financed 
by the government. This means that two 
independent variables, D,, (the amount of 
privately financed applied R&D divided by 
value-added) and Do; (the amount of 
government-financed applied R&D divided 
by value-added), must be substituted for D,. 
As shown in Table 1, this substitution has 
relatively little effect on the estimate of do, 


where $3=¢ )+(1+r,)" and ¢,=$,+(1+7,)™. If the 
independent variables in this equation remain relatively 
constant in the relevant period, and if an industry’s 
values of A, @», $3, and œ, are statistically independent 
of the values of these independent variables, 


p= A+ by By +D] +$2u;+2; 


where B;’ is the value of X,_.9,/Q,—9, and D;” is the 
value of A,..92/Q;~92 in the ith industry during the 
relevant period; Although we do not know @, and 8, 
with much accuracy, it is very likely that there is a high 
correlation between B; and B,, as well as between D,’ 
and D,. For as far back as reasonably accurate data 
exist, industries with relatively high ratios of basic 
. research to value-added in one year have tended to 
have relatively high ratios in other years, and industries 
with relatively high ratios of applied R&D to value- 
added in one year have tended to have relatively high 
ratios in other years. The coefficient of correlation 
between an industry’s ratio of applied R&D expendi- 
tures to value-added in 1953 and its ratio in 1975 is 
0.93. The coefficient of correlation between an in- 
dustry’s ratio of basic research expenditures to value- 
added in 1953 and its ratio in 1975 is 0.85. Even if the 
value of @, or @, varies from industry to industry, there 
is likely to be a high correlation between B; and B, and 
between D,” and D; Thus, B; and D; can be regarded 
as proxies for B; and D,’. Viewed in this way, my 
regression equations, since they are based on these 
proxies rather than on 8; and D,’;, cannot be used to 
estimate the rates of return from basic research or from 
applied R&D, unless one can estimate the unknown 
values of 0, and @,, as well as the relationship between 
these proxies and the variables for which they stand. 
However, the results are useful in testing whether œo 
equals zero, since, if this is the case, the repression 
coefficient of B, in the regressions should be zero. 
Thus, despite the presence of these lags, my results are 
useful in testing whether an industry’s or firm’s rate of 
productivity: change has been affected by the amount 
of basic research it performed, when its rate of ex- 
penditure on applied R&D is held constant. 
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although it reduces its statistical signifi- 
cance. 

Second, I added to equation (3) a fourth 
independent variable /,, which measures the 
amount of R&D that is embodied in an 
industry’s purchased inputs (divided by its 
value-added). Terleckyj las provided esti- 
mates of this variable for these twenty in- 
dustries. As shown in Table 1, when. this 
variable is added, it is highly significant, but 
its inclusion has little effect on the size_or 
statistical significance of the estimate of dp. 
Similarly, if this variable is defined to in- 
clude only privately financed R&D, the re- 
sults are essentially the same, as shown in 
Table 1 (where this variable is denoted by 
lpi). 

”'These findings seem to indicate a strong 
relationship between the amount of basic 
research carried out by an industry and 
the industry’s rate of productivity increase 
during 1948-66. However, one wonders 
whether, since the distinction between basic 
research and applied research is often nebu- 
lous, this relationship may not reflect the 
fact that industries that carry out relatively 
large amounts of long-term R&D tend to 


have relatively high rates of productivity 


incréase. In other words, basic research may 
be a proxy for long-term’ R&D. To shed 
some. light on this question, I added another 
variable, Y, (the percent of the industry’s 
firms that expected their R&D expenditures 
in 1958 to pay off in no less than six years), 
to the four regressions discussed above.® As 
shown in Table 1, the results suggest that 
much of the apparent effect of basic re- 
search may really be due to long-term R&D. 
When this additional variable is introduced, 
its effect is highly significant in every case, 


8Data concerning Y, were obtained from McGraw 
Hill’s Business’ Plans for New Plants and Equipment, 
1958-1961, p. 8. The figure fer primary metals is the 
average of that given for “iron and steel” and for 
“nonferrous metals.” The figure for transportation 
equipment is the average of that given for “autos” and 
that given for “transportation equipment.” The figure 
for fabricated metal products and instruments is that 
given for “other metalworking.” Since three of the 
industries carried.out no applied R&D expenditures in 
1958 according to Terleckyj, no data regarding Y, exist 
for these industries. 
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whereas the effect of B, becomes smaller 
and often statistically nonsignificant. 

In addition, to extend the time period to 
which the data pertain, I used unpublished 
data by Kendrick to calculate p; for these 
twenty manufacturing industries during 
1948-76. When these values of p, are used 
in Table 1, the magnitude of the regression 
coefficient of B,—and the number of speci- 
fications where it is statistically significant 
—is about the same as in Table 1. However, 
the regression equations do not fit nearly as 
well, probably due in part to the increased 
importance during 1966-76 of regulatory 
considerations and a variety of other factors 
not included in the model. Also, the regres- 
sion coefficients of Y, are no longer statisti- 
cally significant. This is not surprising be- 
cause there have been considerable changes 
since 1958 (the year to which Y, pertains) in 
the extent to which various industries have 
focused their R&D on long-term work. Much 
more will be said on this score in Section 
IV, 


Ill. Interfirm Differences in the Rate 
of Productivity Increase 


Besides investigating the relationship be- 
tween basic research and productivity in- 
crease at the industry level, I also investi- 
gated this relationship at the firm level. Once 
again, let us assume that equation (1) holds, 
but now Q, is the firm’s valued-added in 
year t, R,, is the firm’s stock of basic re- 
search capital, R,, is the firm’s stock of 
applied R&D capital, and so forth. Making 
the same assumptions as in Section I, it 


9Kendrick kindly provided me with estimates of 
total factor productivity in each industry during 1948- 
76. These estimates will appear in his forthcoming 
book. I calculated the annual percentage rate of growth 
of total factor productivity between 1948 and the year 
since 1966 when total factor productivity reached a 
maximum. (If total factor productivity is less‘than in a 
previous year, the industry is probably not operating on 
its production function, and the inclusion of such an 
observation may result in misleading results.) The year 
when it reaches a maximum is almost always 1976 or 
1973. When the resulting values of p; are inserted in the 
regressions in Table 1, the regression coefficient of B; is 
statistically significant at the .05 level in about the 
same proportion of cases as in Table 1. 
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follows that 


(5) pp =A’ + $9 B; + 6, Dj +2; 
where p; is the annual rate of change of 
total factor productivity in the ith firm; B; 
and Dý are the ratio of basic research ex- 
penditure to value-added and the ratio of 
applied R&D expenditure to value-added in 
the ith firm; and À’, $9, $i, and z; are 
analogous (at the firm level) to A, $9, is 
and z,. Equation (4) is analogous ‘to equa- 
tion (3).except that u; is excluded because it 
has the same value for all firms in the in- 
dustry.'° 

To see_how well this model fits, and to 
estimate $5 and ¢}, I obtained data concern- 
ing value-added and employment during 
1960-76, and data concerning investment in 
plant and equipment during 1920-76 for ten 


major petroleum firms and for six major 


chemical firms.!' The stock of physical 
capital was estimated annually for each firm | 
during 1960-76. To obtain such an estimate 
for a particular year, the investment data for 
each firm for previous years were deflated, 
depreciated (using the Jack Faucett-Bureau 
of Labor Statistics (BLS) depreciation rates 
for plant and equipment in chemicals and 
petroleum refining), and summed. Using 


10Of course, I could have included a variable mea- 
suring interfirm differences in the extent of unioniza- 
tion, but this did not seem worthwhile, because the 
interfirm differences in this regard seemed small. 

The data concerning value-added and employ- 
ment were obtained from Moody’s Industrial Manual 
and from the annual reports of the firms. The figures 
regarding value-added were deflated by the Bureau of 
Economic Analysis’s implicit deflator for the industry. 
Most of the data concerning investment in plant and . 
equipment come from annual reports and Moody’s. 
However, for the earliest years, it was often necessary 
to estimate a firm’s investment in plant and equipment 
during certain years by assuming it was proportional to 
the change in the firm’s total assets. Although these 
estimates for the early years are crude, the results 
should be influenced very little by whatever errors they 
contain, since the investment figures for the early years 
have relatively little weight in the capital stock figures. 
This is because most of the plant and equipment 
acquired in the early years were depreciated by 1960. 
In the case of the petroleum firms, the analysis was 
carried only up to 1971, not 1976, because of the 
gyrations in oil prices and the unsettled conditions in 
the industry in recent years. 
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these data concerning each firm’s stock of 
physical capital each year, together with 
the data concerning each firm’s (deflated) 
value-added and employment each year, I 
estimated the annual rate of total factor 
productivity change for each firm during 
1960-76.! In addition to these estimates of 
p;, we need estimates of B; and D; for each 
of these firms. As a by-product of previous 
research, I had these data for all of these 
firms for 1964 or for 1965.” 

To estimate the parameters of equation 
(5), I regressed each firm’s value of p} on its 
values of B; and Dj, the result being 


(6) p/=2.15+ 1.78B/+ 0.10D/ 
(7.51) (2.08) (0.86) 


R*=0.58 


where the /-statistics are shown in parenthe- 
ses below the regression coefficients, and 


12 The investment figures were deflated by price de- 
flators provided by the BLS. Then the Faucett-BLS 
depreciation rates were applied, and the.results were 
summed to obtain the firm’s capital steck each year. 
Then, for each firm, I computed g,=/nQ,—binL,-—(1- 
b)inK,, where Q, is the firm’s deflated value-added in 
year t, L, is its employment in year t, K, is its capital 
stock in year t, and b is its average proportion of 
value-added going for wages during 1960-76. Finally, I 
regressed g, on t, the resulting regression coefficient 
being the estimate of p;. Years when the firm’s value- 
added was less than in some previous year were omitted 
because the firm was apparently operating well below 
its capacity. Clearly, in an analysis of this sort, the data 
should apply to periods when the firm is operating 
reasonably close to capacity. The data described in this 
and the previous footnote were obtained, and the calcu- 
lations were made, by Nancy Fox as part of her work 
toward a doctoral dissertation at the University of 
Pennsylvania. 

I3Some of these data were described in my 
coauthored book, 1971. The rest come from an unpub- 
lished survey carried out by Henry Armour and David 
Teece. To check whether the ratio of applied R&D 
expenditures to value-added remained relatively con- 
stant during the relevant period, I compared the values 
of this ratio in 1976 and (about) 1964 for the six 
chemical firms. In most firms, the 1976 ratio was within 
25 percent of the 1964 ratio. The interyear differences 
tend to be much smaller than the interfirm differences. 
There was a high correlation between a firm’s 1976 
ratio and its 1964 ratio. With regard to the ratio of 
basic research expenditures to value-added, the results 
are much the same. 
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where both the dependent and independent 
variables are expressed as percentages. To 
determine whether there were interindustry 
differences between the chemical and petro- 
leum firms, I introduced as an additional 
independent variable a dummy variable that 
equals 1 if the firm is in the chemical in- 
dustry and 0 if it is in the petroleum in- 
dustry. This dummy variable was not statis- 
tically significant, so it was omitted from 
equation (6).'* 

The results are surprisingly similar to 
those obtained at the industry level. There is 
a Statistically significant tendency for a 
firm’s rate of productivity increase during 
1960-76 to be directly related to how much 
basic research it carried out in 1964, when 
the amount spent on applied R&D is held 
constant. Moreover, the regression coeffi- 
cient of B; in equation (6) is not too differ- 
ent from the regression coefficient of B, in 
equation (4). 

Previous studies (for example, Griliches, 
1980) have used such regression coefficients 
as estimates of the private rate of return 
from R&D. For well-known reasons, some 
of which are discussed in footnote 7, esti- 
mates of this sort should be treated with 
considerable caution. Nonetheless, it is in- 
teresting to see how an estimate of this sort 
based on these data compares with previous 
estimates, since so little is known about the 
changes that have occurred in recent years 
in the profitability of R&D. (Practically all 
previous work of this kind pertains to the 
early 1960’s.) To obtain such an estimate, I 
regress p; on (B; + D;), the result being 
7 ;= 2.2 + 275 (B;+D; 
a (7.06) (4.08) | an 


R?=.49 


which implies that the rate of return from 
all R&D (basic and applied) was about 27 
percent in 1960-76 in these chemical and 
petroleum firms. This estimate is lower than 
corresponding estimates (using the same 
technique and the same industries) for the 


14The same result was obtained in my 1968 book on 
the basis of earlier data. 
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early 1960’s, a result that is consistent 
with the reduced rate of growth of RaD ex- 
penditures by industry during the early 
1970’s and with opinions expressed by many 
R&D managers.” 


IV. Recent Changes in the Composition 
of Industrial RaD Expenditures 


In recent years, there has been a wide- 
spread feeling that industry has been devot- 
ing a smaller share of its R&D expenditures 
to basic research, long-term projects, and 
risky and ambitious projects. Unfortunately, 
however, little or no data have been availa- 
ble on this score. To make some progress 
toward filling this gap, I obtained informa- 
tion from 119 firms concerning the changes 
that have occurred in this regard between 
1967 and 1977, and changes they expect 
between 1977 and 1980. The firms included 
in my sample, all of which spent over $10 
million.on R&D in 1976, accounted for about 
one-half of all industrial RaD expenditures 
in the United States in 1976. Although this 
sample has its shortcomings, it is certainly 
among the most comprehensive surveys of 
this type ever carried out.!® 

The results presented in Table 2 indicate 
that the proportion of R&D expenditures 
devoted to basic research declined between 
1967 and 1977 in practically every industry. 


'5In 1960, the estimated rate of return in these 
industries averaged about 30 percent or more (see my 
1968 book). In the early 1960's, it was about 40 percent, 
according to Griliches, 1980. Of course, all of these 
estimates neglect lags, and should be treated with con- 
siderable caution. 

16Data were obtained (through correspondence or 
interviews) from practically all of the major chemical 
firms, from about three-quarters of the major aero- 
space, automotive, petroleum, metals, and office equip- 
ment and computer firms, from about two-thirds of the 
major rubber, soap, and machinery firms, from about 
one-half of the major drug, food, and instruments 
firms, and from about one-quarter of the major elec- 
tronics and electrical equipment firms. By a major firm, 
I mean one that spent over $10 million on R&D in 
1976, according to the survey in Business Week, June 
27, 1977. The data were obtained in practically all cases 
from the firm’s vice president of research and develop- 
ment. One obvious limitation of the sample is that it 
focuses entirely on large firms. For an interesting re- 
cent study which deals with some of the topics dis- 
cussed here, see Howard Nason et al. 
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In the aerospace, metals, electrical equip- 
ment, office equipment and computer, 
chemical, drug, and rubber industries, this 
proportion dropped substantially. In the 
sample as a whole, the proportion fell about 
one-fourth, from 5.6 percent in 1967 to 4.1 
percent in 1977. According to the firms’ 
forecasts, there is no evidence that this drop 
will continue during 1977-80, but neither is 
there any evidence that the proportion will 
rise very much. For the sample as a whole, 
the proportion is expected to be about 4.3 
percent in 1980." 

In four-fifths of the industries, there was 
also a decline between 1967 and 1977 in the 
proportion of R&D expenditures devoted to 
relatively risky projects (specifically, ones 
with less than a fifty-fifty estimated chance 
of success). In some industries, like metals, 
chemicals, aircraft, drugs, and rubber, this 
reduction has been rather large. Between 
1977 and 1980, there will be some increase 
overall in the proportion devoted to rela- 
tively risky projects, according to the firm’s 
forecasts, with the result that the average 
proportion for the sample as a whole is 
expected to get closer to its 1967 level. 

Despite the decrease in the proportion of 
R&D expenditures devoted to basic re- 
search, the proportion devoted to relatively 
long-term projects (specifically, those lasting 
five or more years) did not decline apprecia- 
bly between 1967 and 1977 in the sample as 
a whole. In some industries, like aircraft, 


According to NSF’s figures, 4.7 percent of com- 
pany-financed R&D expenditures in manufacturing 
went for basic research in 1975 (the most recent year 
for which NSF has published data). This is reasonably 
close to my 1977 figure of 4.1 percent. In 1968, NSF 
put this percentage at 6.9 percent, whereas my 1967 
figure is 5.6 percent. For nine industries in 1977 and 
seven industries in 1967, I could compare my per- 
centage with NSF’s percentage. I found that my per- 
centages are positively correlated with NSF’s, but that 
they do not always agree closely. This is not surprising, 
since my definition of each of these industries differs 
somewhat from NSF’s and NSF’s coverage is more 
comprehensive than mine. Nonetheless, there-is close 
agreement with regard to the change in this percentage 
in all manufacturing. NSF’s data indicate a decrease of 
32 percent in this percentage between 1968 and 1975, 
and my data indicate a decrease of 27 percent between 
1967 and 1977. For the NSF data, see Research and 
Development in Industry, 1975 and 1978. 


870 THE AMERICAN ECONOMIC REVIEW DECEMBER 1980 
TABLE 2—- PERCENTAGE OF COMPANY-FINANCED R&D EXPENDITURE GOING FOR Basic, LONG-TERM 
AND RELATIVELY Risky Proyects: 1967; 1977; 1980° 
Projects Lasting Projects Aimed at Projects with Less 
Five or More Entirely New Pro- than 50-50 Estimated 
Basic Research Years ducts and Processes Chance of Success 
Industry 1967 1977 1980 1967 1977 1980 1967 1977 1980 1967 1977 1980 
Metals 6.2 2.4 2.4 26 22 22 28 18 19 18 11 12 
Chemicals 7.3 5.9 5.8 43 39 39 37 33 31 37 30 27 
Aerospace 8.5 1.7 1.7 31 24 24 35 26 28 35 27 29 
Automobiles 0.3 0.2 0.3 18 — 20 23 15 16 — 47 45 45 
Petroleum 9.1 8.1 9.7 26 27 29 21 25 26 24 23 24 
Drugs 20.7 164 153 63 66 63 76 68 65 46 40 38 
Food 2.6 4.1 43 16 16 22 18 22 25 19 18 20 
Instruments 3.7 3.3 3.3 40 40 4i 24 22 22 ll 9 10 
Soap and Cosmetics 3.4 3.9 3.6 23 30 37 38 48 55 43 55 55 
Machinery 4.2 3.6 3.4 34 31 32 23 18 20 8 5 5 
Electronics and Electrical 
Equipment 6.4 4.6 4.8 10 14 14 37 45 47 3 5 5 
Office Equipment and 
Computers 5 1.8 — 55 55 ~ 60 60 ~ 9 9 - 
Stone, Clay and Glass 8.0 7.1 8.1 35 43 38 37 28 27 28 24 21 
Rubber 2.7 1.7 1.7 9 5 4 32 28 28 37 27 22 
Miscellaneous 5.1 2.5 3.5 30 27 27 21 22 27 18 13 17 
Total 5.6 4.1 4.3 34 34 m 36 34 34 28 25 27 


*The 1980 figures are the firms’ forecasts. Some 1980 figures are not entirely comparable with earlier ones 
because some firms did not provide 1980 forecasts; in cases where the lack of comparability is serious, no 1980 


figure is given. 


4 


chemicals, metals, and rubber, there was a 
substantial decline; but in other industries, 
like drugs, there was an increase in this 
proportion. In most industries, the firms 
forecast that the proportion of R&D ex- 
penditures devoted to relatively long-term 
projects will increase somewhat between 
1977 and 1980.8 The proportion of R&D 
expenditures aimed at entirely new products 
and processes (rather than improvements 
and modifications of existing products and 
processes) declined somewhat between 1967 
and 1977. Again, there are marked dif- 
ferences among industries in the amount 


18 For other data regarding the proportion of firms’ 
R&D expenditures that goes for relatively long-term 
projects, see my coauthored book, 1971, and my 1980 
paper. These data are quite consistent with the results 
in Table 2. 

I9The distinction between an entirely new product 
or process and an improved or modified product or 
process is often arbitrary (although it is often used). So 
long as each respondent uses the same definition for 
one year as for another year, the results should help to 


and direction of change. Between 1977 and 
1980, little change was expected to occur in 
this proportion in most industries. 

A multiple regression analysis provides no 
evidence of any relationship between. a firm’s 
size, profitability, or percentage of R&D ex- 
penditures devoted to sales, on the one hand, 
and the change in the proportion of the 
firm’s R&D expenditures devoted to basic 
research between 1967 and 1977 (or ex- 
pected to occur between 1977 and 1980), on 
the other. Moreover, there is no relationship 
between these three variables and the change 
in the proportion of the firm’s R&D ex- 
penditures devoted to relatively risky pro- 
jects, or to relatively long-term projects, or 
to projects aimed at entirely new products 


portray the changes that have occurred over time in a 


given industry. But a comparison in this regard of one 
industry with another may be misleading since the 
definitions used in one industry may be quite different 
from those used in another industry. 
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and processes.” Further, there is only a very 
weak relationship, if any, between the 
change in the proportion of a firm’s R&D 
expenditures devoted to basic research, and 
the change in the proportion devoted to 
relatively risky projects, relatively long-term 
projects, or projects aimed at entirely new 
products or processes.”! 

Besides obtaining data from these 119 
firms, I also asked those that have cut back 
on the proportion of their R&D expenditures 
going for basic research and relatively risky 
and long-term projects why such a change 
has occurred. The reason most frequently 
given was the increase in government regu- 
lations, which has reduced the profitability 
of more fundamental and longer-term pro- 
jects. This reason was advanced particularly 


often by the chemical and drug firms.” 


Another reason advanced by some of the 
respondents was that breakthroughs are 
more difficult to achieve than in the past, 
because the field has been more thoroughly 
worked over. Also, high rates of inflation 
were cited. 


207 ran four regressions, the dependent variables 
being (a) the change between 1967 and 1977 in the 
proportion of a firm’s R&D expenditures devoted to 
basic research, (b) the change between 1967 and 1977 
in the proportion devoted to projects where there was 
less than a 50-50 estimated chance of success, (c) the 
change between 1967 and 1977 in the proportion de- 
voted to projects lasting five or more years, and (d) the 
change between 1967 and 1977 in the proportion aimed 
at entirely new products or processes. Each of these 
dependent variables was regressed on the firm’s sales in 
1976, its ratio of R&D expenditures to sales in 1976, its 
ratio of profits to net worth in 1976, and industry 
dummy variables. Other than some of the dummy 
variables, none of the independent variables in any of 
these multiple regressions was statistically sig- 
nificant. 

21} regressed three dependent variables—the change 
between 1967 and 1977 in the proportion of a firm’s 
R&D expenditures devoted to projects lasting five or 
more years, the change in the proportion aimed at 
entirely new products or processes, and the change in 
the proportion devoted to projects where there was less 
than a 50-50 estimated chance of success—on the 
change between 1967 and 1977 in the proportion 
devoted to basic research. Although the sample size 
exceeded 100, in only one case was the regression 
statistically significant, and in this case, r? was only .06. 

22 About 80 percent of the relevant chemical firms 
and practically all of the relevant drug firms cited this 
reason. 
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V. Conclusions 


My results indicate that there is a statisti- 
cally significant and direct relationship be- 
tween the amount of basic research carried 
out by an industry or firm and its rate of 
increase of total factor productivity, when 
its expenditures on applied R&D are held 
constant. To some extent, this may reflect a 
tendency for basic research findings to be 
exploited more fully by the industries and 
firms that were responsible for them. Or it 
may reflect a tendency for applied R&D to 
be more effective when carried out in con- 
junction with some basic research. (See Wil- 
liam Price and Lawrence Bass.) Whether the 
relevant distinction: is between basic and 
applied research is by no means clear; there 
is some evidence that basic research may be 
acting to some extent as a proxy for long- 
term R&D. Holding constant the amount 
spent on both applied R&D and basic re- 
search, an industry’s rate of productivity 
increase during 1948-66 seems to be di- 
rectly and significantly related to the extent 
to which its R&D was long term. This ap- 
pears to be the first systematic evidence that 
the composition, as well as the size, of an 
industry’s or firm’s RaD expenditures af- 
fects its rate of productivity increase. 

My findings also indicate that the com- 
position of many industries’ RaD expendi- 
tures has changed in the last decade. Practi- 
cally all industries have cut the proportion 
of their R&D expenditures going for basic 
research. Most industries have cut the pro- 
portion going for relatively risky projects. 
Some, but not most, industries have cut the 
proportion going for relatively long-term 
projects. Particularly in the chemical, 
aerospace, and rubber industries, it appears 
that such changes may put a damper on the 


To some extent, this may be misleading if the 
length of projects is increased by regulatory and other 
such factors. In this case, the proportion spent on what 
formerly would have been regarded as long-term pro- 
jects may have declined, even though this does not 
show up in the data because of the general lengthening 
of projects. The drug industry is an example where 
regulatory factors seem to have prompted a general 
lengthening of projects. 
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rate of productivity increase.’ But without 
much more accurate data concerning the 
lags in the effects of R&D, it is difficult to 
say how quickly these effects will be felt. 

In conclusion, the limitations of this study 
should be noted. In particular, the model 
adopted in Section I is highly simplified, 
and the data in Sections II and III often are 
rough. Even in Section IV, where the data 
pertain to about one-half of all RaD by 
U.S. manufacturing companies, there are 
bound to be sampling errors, since not all 
firms are included. For these and other rea- 
sons, my findings must be regarded as tenta- 
tive. Much more work is needed in this area. 
For example, it is important that we try to 
determine the extent to which the observed 
relationship between the composition of an 
industry’s or firm’s R&D expenditures and 
its rate of productivity change is due to 
the influence of other factors on both varia- 
bles.? Nonetheless, despite its limitations, I 
believe that this study is of considerable 
interest, since it is the first attempt to disag- 
gregate RaD expenditures (which are no- 
toriously heterogeneous) and to investigate 
the effects of the composition of an in- 
dustry’s or firm’s R&D expenditures on its 
rate of productivity increase. 


Besides this damper due to changes in the com- 
position of R&D, there may be a damper on the rate of 
productivity increase in these industries because of the 
decrease during the last decade in the ratio of basic 
research expenditures to value-added and in the ratio 
of applied R&D expenditures to value-added. 

2>1t is possible that industries and firms with high 
rates of productivity growth tend to spend relatively 
large amounts on basic research, but that their high 
rates of productivity growth are not due to these ex- 
penditures. Much more work is required before one can 
be entirely confident of the way in which this observed 
relationship should be interpreted. 
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Consensus Beliefs, Information Acquisition, 
and Market Information Efficiency 


By ROBERT E. VERRECCHIA* 


In an attempt to provide a precise analyti- 
cal interpretation for the notion of “infor- 
mation efficiency” introduced by Eugene 
Fama (1970), Mark Rubinstein suggests that 
a necessary and sufficient condition for an 
individual to perceive all his information 
fully reflected in prices is that he have “con- 
sensus beliefs.” That is, consensus beliefs 
are those beliefs which, if held by all indi- 
viduals in an otherwise similar economy, 
would generate the same equilibrium prices 
as in the actual heterogeneous economy. 
However, the notion of information ef- 
ficiency embodied in Rubinstein’s discus- 
sion has been more broadly interpreted as 
follows.’ A market is efficient with respect 
to an information set A, say, if the prices it 
generates are identical to those generated in 
an otherwise identical economy in which the 
set A accurately describes the information 
available to each and every market par- 
ticipant; the common, or homogeneous, be- 
lief induced by knowledge of A is the con- 
sensus belief.” 


*Graduate School of Business, University of 
Chicago. 
l See, for example, Avraham Beja, William Beaver, 
and my 1979b paper. 
2For example, suppose that a market consisted of 
two investors, the first of whom had as his sole source 
of information a set O, say, which contained only 
optimistic bits and pieces of data about a security, and 
which consequently induced him to regard the future 
return of the security as “abnormally high.” Alterna- 
tively, the second investor had as his sole source of 
information a set P, say, which contained only pessi- 
mistic bits and pieces of data about the security, and 
` which consequently induced him to regard the future 
return of the security as “abnormally low.” Suppose 
further that trading against one another in the market 
resulted in a price that appeared to reflect the fact that 
. the future return for the security would be “average”; 
this is a natural supposition if both traders have equal 
weight in the market with regard to the supply and 
demand of the security. Now if in an otherwise identi- 
cal market the set of information A, where A is the 
union of O and P, is substituted for both traders’ 
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If the set of information A happens to be 
the union of the information sets privately 
available to each and every market par- 
ticipant, then efficiency with respect to A 
can be characterized as a situation in which 
the consensus belief is at least as correct an 
assessment (on the basis of A) as the assess- 
ment privately held by any single investor. 
Stated more informally, all investors per- 
ceive that no less information is fully re- 
flected in prices than that which each indi- 
vidual investor privatėly knows. With regard 
to welfare implications, when the consensus 
belief is at least as correct, investors face a 
type of fair game in the market. That is, let 
“excess returns” be defined as the difference 
in the expected utility some well-informed 
investor achieves by trading at a price which 
reflects information inferior to his own vis- 
à-vis the expected utility he achieves when 
price reflects information at least as good. 
Then a price reflecting no less information | 
than what is privately known prohibits ex- 
cess returns. In effect, prices provide an 
effective barrier to the exploitation of less 
well-informed investors by better-informed 
investors, because no investor can exploit 
his superior information (in the classical 
price-taking setting usually attributed 
to a securities market) whenever a price 
exists which reflects information which is in 
no way inferior to his own.° 


original private sources, O and P, respectively, and if 
this knowledge induces them to regard the future re- 
turn of the security as average, then this will likely 
cause no price change since prices have already aver- 
aged out their diverse opinions. Thus the market for the 
security will be efficient with respect to A, where A is 
the union of O and P. . 
3To illustrate this, consider the situation described 
in fn. 2 in which one investor knows O, and another 
knows P. Suppose that a third investor enters the 
market who happens to know A, the union of O and P. 
Clearly, the third investor is “better informed” than 
either of the other two, where it will be assumed 
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In brief, the consensus belief concept is 
an intuitively plausible definition of market 
information efficiency which, unlike some 
of its competitors, lends itself to formal 
analyses. The purpose of this paper is to 
consider its robustness. For example, it is 
well known that prices are determined in 
part by a type of geometric averaging of 
each investor’s assessment weighted by his 
tolerance for risk. Therefore, efficiency with 
respect to the union of investors’ private 
information sets can be loosely described as 
a phenomenon in which the consensus belief 
implied by this geometric average is at least 
as correct as any assessment that contrib- 
utes to the average. But there is no intrinsic 
reason why this should be the case: if two 
bettors have an opinion as to which horse 
will win a race, and one bettor’s opinion is 
vastly superior to the other’s (because of the 
time and expense invested in formulating 
that opinion), there may be no averaging of 
their opinions that will be superior to that of 
the more sagacious bettor. - 

This is the problem. If one investor is 
motivated to invest in the acquisition . of 
information, it is within reason that he could 
achieve an assessment that is more accurate 
than that implied by the consensus belief, 
despite the fact that his assessment is among 
those that are impounded in price. To 
achieve a better understanding of this prob- 
lem, it can be modeled along the following 
lines. Suppose that the mental process of 
determining an assessment of the return of a 
security is thought of as analogous to the 
statistical process of determining an esti- 
mate of some unknown parameter. That is, 
suppose that at the end of a future period, 


without controversy that possession of more informa- 
tion signifies being better informed. The only way 
investors interact in a market is through prices; i.e., an 
equilibrium price is established for a security on the 
basis of investors’ expectations, and at this price inves- 
tors exchange holdings of the security. Therefore, when 
the price the third investor encounters is the same price 
that would prevail if each and every investor knew A, 
and in our previous example this was the case, there is 
no way he (the third investor) can earn an excess return 
(as I have narrowly defined the term) on the basis of A, 
despite the fact that it represents information superior 
to that available to the two other investors. 
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nature will draw from an urn a numbered 
ball that represents the return on the secur- 
ity. For the benefit of this discussion, it will 
be assumed that numbers on the balls are 
normally distributed in the urn with known 
variance and unknown mean. Before trad- 
ing occurs, however, investors can draw 
sample observations from this urn; the 
observations are private information sets, 
and A can represent the union of these sets. 
With his private observations, each investor 
forms an estimate of the unknown mean 
which, in turn, determines his individual 
assessment. Then the consensus belief is at 
least as accurate as any single investor’s 
assessment whenever the precision (where 
precision is defined to be the inverse of the 
variance) of the estimate of the return im- 
plicit in the consensus belief is greater than 
or equal to the precision in any single inves- 
tor’s estimate. This, in turn, implies that the 
market is efficient with respect to A, the 
union of investors’ information sets. - 

The subsequent analysis considers the be- 
havior of investors with different tolerances 
for risk in this situation. What is demon- 
strated is that whenever all investors acquire 
what each perceives to be an optimal quan- 
tum of information (in the form of sample 
observations), the degree of precision im- 
plicit in the consensus belief is indeed no 
less than the degree of precision in a single 
investor’s estimate. This result implies that 
the Fama-Rubinstein insight as to what con- 
stitutes information efficiency is robust in 
that it evolves naturally from the behavior 
of investors operating in their own self- 
interests. The fact that it is robust suggests 
that it may provide a more viable and inter- 
esting characterization than competing theo- 
ries. The following analysis formally dem- 
onstrates this result. 


“The chief competing theory is one of “rational 
expectations.” A recent survey article by Sanford 


. Grossman provides a comprehensive guide to this work. 


The theory of rational expectations provides a particu- 
larly elegant argument for what constitutes market 
information efficiency. However it is also fragile in that 
it relies on a number of assumptions, such as the 
absence of “noise” (i.e., indiscernable randomness), 
which may not be met in a situation embodying the full 
complexity of a real world setting. Furthermore, it is a 
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I. A Description of the Market 


To initiate the analysis, consider an inves- 
tor i who trades in a market which offers 
the opportunity to purchase an unlimited 
amount of a risk-free. security denoted by 
Sp, or a risky security denoted by Sp, whose 
total supply is S$. At the end of some future 
period, investment in the risk-free security 
yields a fixed return of F units of wealth for 
each unit of S, purchased, and investment 
in the risky security yields an uncertain re- 
turn of R units of wealth for each unit of Spr 
purchased. At the beginning of a trading 
‘period, investor i wilh choose an amount S$ 
and Sp of the risk-free and risky security, 
respectively, which maximizes his expected 
utility subject to his initial wealth, which is 
denoted by W'. That is, investor i chooses 
an amount S; and SÀ of the risk-free and 
risky security, respectively, to maximize his 
utility when Sp and Sp, yield their respective 
returns. 

Before trading, an investor also has the 
opportunity to acquire information. The 
information acquisition process will be char- 
acterized as a sampling process from a nor- 
mal probability distribution. That is, sup- 
pose that R is assumed to be some real 
number which is initially known to all inves- 
tors to be normally distributed with mean m 
and precision h (where precision i is defined 
to be the inverse of the variance #~').° The 
acquisition of additional information is 
characterized as a sample of a prede- 
termined size n consisting of the observation 
of random variables X,,..., X„, about which 
it is known initially that each is indepen- 
dently and identically distributed normally 
with mean R and precision h. Then it is well 
known (see Morris DeGroot, p. 167) that 


notion of efficiency which is stronger than tha: sug- 
gested by Fama (1976), or implied by the empirical 
evidence concerning the existence of efficiency in the 
semistrong form. 

>This characterization of information acquisition is 
suggested by Robert Wilson, p. 191. 

Sit should be emphasized that while prior assess- 
ments are identical, it is assumed that each investor 
arrives at the assessment #7 independent of other inves- 
tors. This allows these prior assessments to be treated 
as though they were independent sample observations 
about R, each with precision A. 
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conditional on the observed sample values 
Xj»... Xp, an investor regards the distribu- 
tion of ‘R to be normal with mean 


i m+ nhm 
M= -——— 


> 


and precision h=h-+nh 
where | 


is the observed mean of the sample. It will 
also be assumed that each investor’s ob- 
servations are distributed independently of 
the observations of any other investor. 

The sample mean itself, however, is not 
known until the information has been . 
processed; prior to its revelation, it is a 
random variable. Its uncenditional distribu- 
tion can be determined as follows. Condi- 
tional upon knowledge of R, m is normally 
distributed with mean R and precision nh, 
because it is the mean of n sample observa- 
tions, each of which is normally distributed 
about R with mean h. An investor’s initial 
or prior belief about R is that it is normal- 
ly distributed with mean m and precision h. 
Thus, it can be shown that the uncondi- 
tional distribution of m is a normal proba- 
bility distribution with mean m and preci- 
sion nhh/h.” 

It will also be assumed that investor į has 
a (negative) exponential utility function of 


"This result-can be explained, intuitively, by noting 
that 7 is simply the mean of the prior distribution of 
R, and nhh/h is equal to 


wih aa 
h nhh naj, 


That is, the precision nhh 4/1 h is simply the inverse of the 
sum of the variance (7h)! of the conditional distribu- 
tion of the sample mean for any given value of R, and 
the variance A—' of the prior distribution of R. In 
effect, m is normally distributed with the mean inves- 
tors attribute to R before they process the information, 
M, and precision which, in a broad sense, represents 
the precision of their. prior beliefs plus the precision of 
the information itself. 
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the form 
U;(w) = — ne" O/r 


for wealth w, where r,>0. The coefficient 
1/r, is investor i’s coefficient of risk aver- 
sion; its inverse r, is referred to as his coeffi- 
cient of risk tolerance. The purpose in as- 
suming utility functions of this form is that 
it permits a consensus belief to be explicitly 
determined:® The extent to which the results 
of the analysis depend upon this assumption 
is not entirely clear. However, as the discus- 
sion unfolds, it becomes clear that the sali- 
ent feature of the analysis is the relationship 
between degrees of risk tolerance and infor- 
mation acquisition activities; therefore, it is 
reasonable to conjecture that the form of 
the utility function assumes no more than a 
secondary role, provided that it evidences 
global risk aversion.’ 

When investor i enters the market at the 
beginning of the period, he encounters the 
following problem. If the cost associated 
with making n sample observations is repre- 
sented by a function C(n) (which is as- 
sumed to be a twice differentiable function 
of n), investor i must choose 

1) an optimal number of sample ob- 
servations, and 

2) based upon the information in those 
observations, as well. as his prior informa- 
tion, an optimal amount Sp and Sp of risky 
and risk-free securities, respectively, so as to 
maximize his future. period expected utility; 
and, of course, his choices must be con- 
strained by his initial wealth. 

Suppose that a unit of the risk-free and 
risky security sell in the market for 1 and P 
units of wealth, respectively (1.e., the price 
of a risk-free security is a numeraire). Inves- 


tor i’s choice problem can be characterized 


mathematically as choosing those elements 


® The existence of a consensus belief, however, can 
be established even in the absence of an explicit de- 
termination. See my 1979b paper. 

9 Note that the assumption of constant risk toler- 
ance implies that an investor’s tolerance for risk is 
independent of his wealth. However, if one postulates 
that ‘risk tolerance increases as wealth increases, inves- 
tors with large constant risk tolerance can be thought 
to assume the role of investors with large wealth. 
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n, Sp, Sp that 


(1) iak f f — r,e Wr FSr+ RSq) 
{n, Sp, Sp} m” R 


-dN(wh, h) dN( mi, nhh/h) 


subject to W'=S,+PS,+C(n), where 
dN(p, p) denotes a normal density function 
with mean p and precision p. 

For example, consider optimal amounts 
of Si and SÈ conditional upon the choice of 
n sample observations. Conditional upon n, 
(1) reduces to solving the Lagrangian equa- 
tion 


L(Sp, Sr, A)=— f re7 Wn FSr* RS YIN M, h) 
R 
+A{ Wi—(Sp+PSp+C(n))} 
Differentiating L with respect to S, yields 


K 
oa = [ Re dN(m,h)—-AP 


Differentiating L with respect to Sp yields 


A 


(3) a= f Fe7 V/rtFSe+ RSR) INC, h)—A 
F 


Necessary first-order conditions require 
aL /8S,=9L/dSp=0 in (2) and (3). Thus 
the two equations can be combined to yield 


—1/r,{ FS p+ RSp} a f 
m Í Re DANÇA, h) 
f Fe Wr FSe+ RS dN( th, h) 


_ Recognizing that for any parameter a, 


e ak dN(n, v) = eo tE ta?/2v dN( p- 7 v) 


and using a common property of the mo- 
ment generating function of a normal dis- 
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tribution, it can be shown that (4) reduces to 


(5) 


A 


frana- 2,1) _ 
rh } m—(Sp/rh) 

. Seg J 
Ffan{ m5, 5) 


Rearranging terms yields the amount of the 
risky security investor i demands, 


P= 


(6) Si =r,h(h— FP} 


Suppose it is assumed, however, that 
investor i is representative of all other 
investors in the market; specifically, each 
investor j, say, has a utility for wealth char- 
acterized by a constant tolerance for risk r, 
and an assessment of the distribution of R 
which is normal with mean m, and precision 
h, =h+n, „h (where n, is investor j’s optimal 
number of sample observations). Then sum- 
ming (6) over the demand of all investors 
yields 


N A 
>, 1h th; — vo FP 


i=] 


(7) See 


where N is the total number of investors, 


oe Soh 


is the sum of the precision in each investor’s 
assessment of the unknown mean weighted 
by his risk tolerance, and 


N 
Ts i 
SR = > SR 
i=l 


represents the total supply of risky securi- 
ties. Finally (7) implies 


1| & frh; SE | 
8 a oli) Feed 
8) APA 2o vo 


The expression derived in (8) is the market- 
clearing or equilibrium price of the risky 
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security Sg, assuming that the price of the 
risk-free security is set at one. 


_ J. Consensus Beliefs and Market 
Information Efficiency 


To provide some intuition, the expression 
for P in (8) can be interpreted as the ratio of 
‘ 1) the sum of each investor’s assess- 
ment or estimate of the unknown mean of 
the return for R, M; weighted by the coeffi- 
cient r,h,/v), and adjusted by a factor of 
supply represented by — S$ /vos to 
2) the known fixed return of the risk- 
free security F., 
Using the definition of a consensus belief 
(see Rubinstein or my 1979b paper), it is a 
simple exercise to show that the expression 


N A 
r;h, A 
> E Ls 


is a consensus belief. This is because this — 
expression is precisely that belief, or esti- 
mate, of the unknown mean of R, which, if 
held by all investors in some otherwise iden- 
tical market, would effect a market-clearing 
price identical to the one derived in (8)."° 

Consider the variance of the consensus 
belief. Assuming that each sample observa- 
tion made by an investor is independent of 
all other observations made by all other 
investors, as well as those other observations 
made by himself, the var:ance of the con- 
sensus belief is 


Specifically, it can be shown that if each investor 
regards the distribution of R to be normal with mean 
=(7,h,/%9)m, and precision vg/(Zr;), a price identical 
to the one in equation (8) obtains. 
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remembering that the 7,4, are all constant. "! 

As discussed heuristically in the introduc- 
tion, the notion of market information 
efficiency that underlies the concept of a 
consensus belief is that the variance in the 
consensus belief assessment of uncertainty 
(in this case the unknown mean of R) is less 
than or equal to the variance in each inves- 
tor’s personal assessment. (This, of course, 
implies that the precision in the consensus 
belief is at least as great as the precision in 
each investor’s assessment.) Since the vari- 
ance of the consensus belief assessment is 
given by (9), and the variance of each inves- 
tor’s assessment is given by h7 1 this can be 
expressed formally as the requirement that 
for each investor j, j/=1,..., N, 


(10) > (1) ch 


j= 1 \ Vo 


The interesting question is under what 
circumstances the expression in (10) would 
hold. Casual observation of (10) suggests 
that if investors with large risk tolerance 
have little precision in their assessments, 
and vice versa, then the variance in the 
consensus belief will be large, because in 
effect poor assessments are given greater 
weight in determining the consensus belief 
than good assessments. Therefore, for (10) 
to hold, it must be that investors with greater 
risk tolerance somehow contribute better 
assessments to determining the market- 
clearing price than investors with lower risk 
tolerance. The next section considers how 
investors choose an optimal degree of preci- 
sion on the basis of their risk tolerance, and 
suggests a circumstance in which the ap- 
propriate behavior results. 


Iti. A Sufficient Condition to Ensure 
Information Efficiency 


The characterization of market efficiency 
implied by the consensus belief interpreta- 
tion requires that equation (10) hold. The 
validity of equation (10) is demonstrated in 


This also requires that each investor’s prior assess- 
ment of the mean of R, ñ is arrived at independent of 
other investors. See fn. 6. 
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a number. of steps. First, a function H(r) is 
introduced to represent an investor’s opti- 
mal degree of precision as a function of his 
tolerance for risk through the relationship 


H(r)=h=h+n,(r)h 


where n,(r) represents the optimal number 
of sample observations an investor requires 
as a function of his risk tolerance. Second, 
in this section, it is demonstrated that a 
sufficient condition that equation (10) hold 
is that H(r) is a nondecreasing function of 
r; that is, each investor’s optimal degree of 
precision is a nondecreasing function of his 
risk tolerance. Finally, the fact that H(r) is 
indeed a nondecreasing function of r is 
demonstrated in the next section. 

If it is assumed that H(r) is nondecreas- 
ing, proving the validity of equation (10) is 
straightforward. To begin, consider the in- | 
vestor whose risk tolerance is no less than 
the risk tolerance of any investor in the 
market; this investor is referred to as in- 
vestor k. That is, r, >r; for all i. This implies 
that for all i, 


N 
rH (ry) <r, H(r,) < 2 rH (Cr) =v 
i=l 
which in turn implies that for all i, 


(11) Mr)? 


i 


However, for equation (10) to be valid for 
investor k, it must be that 


3 aD r; nHn) <{H( ar 
or 
o rPH(n)H(e) 


i=] ve 


Substituting the inequality in (11) into the 
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left-hand side of (12) yields 


N 2 N „2 
5 A, < 5 ACN) v 


i=l vo j=] Vo r; 


i=l] 


which implies (12). Thus, the degree of pre- 
cision in investor k’s assessment is no greater 
than the degree of precision in the con- 
sensus belief assessment. 

But note that if H(r) is a nondecreasing 
function of r, then it must be that for all 
i, H(r,) > H(r;). That is, investor k attains a 
degree of precision that is no less than the 
degree attained by anyone else in the market. 
Consequently, no one else in the market has 
a degree of precision which is greater than 
the degree of precision in the consensus 
belief assessment, which ensures equation 
(10). In brief, market information efficiency 
holds in the sense of (10) whenever each 
investor attains as an optimal degree of pre- 
cision a level which is a nondecreasing func- 
tion of his risk tolerance. 

It remains to show that H(r) is a nonde- 
creasing function. However, even in the ab- 
sence of the analysis performed below, one 
would intuitively expect this to be the case. 
This is because investors with greater risk 
tolerance invest a greater proportion of their 
wealth in the risky security relative to inves- 
tors with the same wealth and the same 
values for mean and precision, but with 
lower tolerances for risk. For example, this 
relationship can be seen from the expression 
for investor demand derived in (6): 


Si=r,h,{ih,— FP} 


Therefore to ‘safeguard their increased 
amount of investment in the risky security, 
one might reasonably expect risk tolerant 


investors to acquire more information. This - 


is shown in the next section. 
IV. Optimal Sampling Sizes 


In this section it is formally demonstrated 
that n,(7) is a nondecreasing function of r; 
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that is, an investor’s optimal number of 
sample observations is a nondecreasing 
function of his risk tolerance. Since the opti- 
mal degree of precision is a linear function 
of the optimal sample sizz, this implies that 
the optimal degree of precision is a nonde- 
creasing function as well. 

To show that n,(r) is a nondecreasing 
function of r, an expression for equation (1) 
is needed. Recall that since it was shown 
that S,=r,h{(m— FP} and S= W'—C(n)— 
PS, are optimal amounts of the risky and 
risk-free security, respectively, (1) can be 
expressed as 


max G(n,r) 
{a} 
subject to W=S,+PSp+C(n) 
where G(n,r) 


— f f — re` F/r(W-Cin)}—h{R-FP}{(ñ- FP) 
m” R 


x dN(m, h) dN(m, nhh/h) 


and the i sub- and superscripts used to iden- 
tify investor i are also dropped to ease the 
notational burden. That is, G(n,r) is the 
expected utility an investor with risk toler- 
ance r achieves when he chooses to make n 
sample observations. 

Using the properties of a normal moment 
generating function discussed above, inte- 
gration with respect to R yields 


(13) 


G(n,r)= f — pe F/r(W-C(n)}— Ligh FP} 


x dN(im, nhh/h) 


As a means of integrating the expression in 
(13), let the variable y be introduced, where 
y is defined as 


y=(nhh/h)'{m—m} 


which implies dy =(nhh/h)'” dm 
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Also note that a priori an investor does 
not know what value P will assume. It will 
be assumed here that each investor will be- 
have as if he believes that price will simply 
reflect the ratio of what all investors know 
initially about the expected return for R, 
i.e., m, to the risk-free return F; that is, all 
investors will behave as if they believe that 
P=m/F. Stated differently, investors act as 
if prices reflect only what is already well 
known, and not (among other things) their 
own additional information acquisition ac- 
tivities, or the information acquisition activ- 
ities of others.’ This assumption is con- 
sistent with the notion that as price takers in 
a traditional market setting, investors be- 
have as if they perceive no relationship be- 
tween their own activities and price. Ana- 
lytically, this assumption implies (with some 
algebraic manipulation) that 


h{m— FP}? = {(nhy /h\{m—my 


= {nh/h}y? 


where the variable y is used as a substitu- 
tion. 

It can be shown. that a further substitu- 
tion of y in place of the variable m trans- 
forms (13) into 


G(n,r) 


= f — peT F/W- C) -1/21 + (nh /)}y y 
Y 


which, when integrated using properties of a 
normal probability distribution, yields 


G(n, r)= —r( h/h) e7£/W-C) 


With an expression for G(n, r) now avail- 
able, define a function nọ(r) which repre- 
sents the value of n which maximizes G(n, r) 


12 This assumption is incompatible with theories, 
such as that of rational expectations, which rely sub- 
stantially upon investors’ ability to decode prices, or 
infer the information acquired by others through prices, 
over time (see Grossman). In effect, it suggests that 
investors evidence somewhat myopic behavior. Its ad- 
vantage is that it may describe what occurs in an actual 
market setting. 
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for each value of r. The function no(r) 
represents the optimal number of sample 
observations an investor should acquire 
when his risk tolerance is r. It is necessary 
to show that no(r) is a nondecreasing func- 
tion of r. This is done using the above 
expression for G(n, r). 

Allowing the derivative with respect to n 
to be denoted by an asterisk, observe that 


G*(n,r)= | ~c*(n)— sh(nh+h)-"| 


XG(n,r) . 


since 
O er lepry ET 
= (A/A) = —5(h)'Oh(nh+h) 
_ sh(nh+h)'(i/h)'” 


Assuming that C(n) is a strictly increasing 
function of n, a necessary first-order condi- 
tion for maximization requires that n)(r) 
satisfy 


rh 


14 c* NEJE reer 
pa (nolr) 2F({no(r)h+h} 


since in this case G* =0. Furthermore, 
(15) G**(n,r) 


={cos(n)+ 34? (nh+A)?) G(n,7) 


+ = C#(n)- Zalm} G(x, r) 


Therefore, a sufficient second-order condi- 
tion for maximization is that for all n, 


(16) = c#*(n) + 51?(nh+h)?>0 


since in this case G is a concave function. 
(Concavity follows from the fact that G(n, r) 
is negative for all n and r, and the expres- 
sions in (15) which precede those of G(n, r) 
are both positive; thus G** is negative 
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whenever (16) holds.) Of course, maximiza- 
tion also requires that there is sufficient 
wealth for an investor to achieve this opti- 
mum, i€., 


PSpt C(n,(r))< WwW 


But this will also be assumed since we are 
specifically concerned with the circumstance 
in which each investor achieves his optimal 
sample size.’ 

As an aside, note that while (16) does not 
require that the cost function is convex, for 
all practical purposes it does since otherwise 
a counterexample to the claim that G is 
concave can likely’ be constructed by an 
appropriate choice of parameters. This limi- 
tation notwithstanding, consider the objec- 
tive of a cost function more generally. For 
equation (10) to hold, the cost function must 
prohibit a low-risk-tolerant investor from 
attaining a greater degree of precision than 
a high-risk-tolerant investor, or else the (ge- 
ometric) average of their precisions may no 
longer exceed the precision of the investor 
with greatest precision. Increasing marginal 
cost of increased sampling is one circum- 
stance which achieves this. 

Finally, we demonstrate that the behavior 
of an optimal number of sample observa- 
tions, as expressed in equation (14), is suffi- 
cient to imply that no(r) is a nondecreasing 
function of r. Assuming that nọ is differen- 
tiable with respect to r, differentiating both 
sides of (14) yields (where differentiation 
with respect to r is denoted by a prime): 


C**(no) no 


rhng 


” (OF (no h+h) (nyh+h)y 
or, rearranging terms, 
eae 
2F(n hth) 
rh? 


2F(noh+h) 


(17) no= 
C**(ny)+ 


13 Note that given the nature of each investor’s 
choice problem, the nonnegative amount W— PSp~ 
C(n) which remains after n and Sp, are selected is 
simply that amount allocated to investment in the 
risk-free security. 
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But the numerator of (17) is clearly non- 
negative because all its terms are; the de- 
nominator is positive under the assumption 
ensuring concavity of G expressed in (16). 
Therefore, nọ is a positive function of ry, 
which implies that nọ is (at least) a nonde- 
creasing function of r. 

The fact that no(r) is nondecreasing im- 
mediately implies that H(r) is also nonde- 
creasing through the relationship 


H'(r)=n(r)h 


In summary, if each investor can attain his 
optimal precision by acquiring his optimal 
number of sample observations, the degree 
of precision will be a nondecreasing func- 
tion of his risk tolerance. As discussed pre- 
viously, this behavior is sufficient to ensure 
that a market is informationally efficient i in 
that equation (10) holds. 


V. Conclusion 


The interesting elements of any char- 
acterization of information efficiency are 
those conditions that are sufficient to induce 
it. This analysis attempts to point out that 
although there is no intrinsic reason why the 
geometric averaging performed by prices 
should yield an assessment (i.e., the con- 
sensus belief) which is no less precise than 
the individual assessments which contribute 
to the average, it holds whenever all inves- 
tors acquire what each perceives to be an 
optimal quantum of information in the pres- 
ence of some common cost function. For 
example, suppose that publicly available in- 
formation is thought of as an urn from 
which investors make sample observations 
at some cost (in wealth, time, or effort). 
Then, within the context of the notion of 
market efficiency discussed here, a market 
efficient with respect to all publicly avail- 
able information would naturally result; suf- 
ficient conditions would require no more 
than that investors act in their own self- 
interest. But, investors acting in their own 
self-interest is an assumption common to 
most discussions of competitive markets. 
Therefore, this interpretation of market in- 
formation efficiency may imply a phenome- 
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non that arises naturally from the market 
process. 

Of course, there are a number of assump- 
tions made in this analysis that limit gener- 
alization. Most significantly, it is assumed 
that investors face a common cost function 
which, although not necessarily convex, may 
approximate that requirement. A further re- 
striction, but less obvious in its impact, is 
the assumption that all investors have con- 
stant risk tolerance. Thus, it is easy to imag- 
. ine situations in which efficiency within the 
context of the consensus belief interpreta- 
tion will not obtain. However, situations of 
this nature may be useful for explaining 
anomalies in the literature of efficient 
markets. The point of this paper is to dem- 
onstrate that the consensus belief interpreta- 
tion of market information efficiency is both 
viable and robust. 


APPENDIX 


S,= the risk-free security 
Sp = the risky security 
S7 = the total supply of the risky secur- 
ity 
F= the risk-free rate of return 
R=the (uncertain) risky rate of re- 
. turn 
i= the ith investor 
N= the total number of investors 
W'=the endowed wealth of investor i 
Si=the amount of investment in the 
risk-free security which is optimal 
for investor i 
S}=the amount of investment in the 
risky security which is optimal for 
investor i 
m=the mean of the distribution of R 
prior to acquiring additional in- 
_ formation 
h=the precision of the distribution 
of R prior to acquiring additional 
information 
m= the mean of a sample of observa- 


tions from a process distributed. 
normally with mean R and preci- 


sion h 

nh=the precision of a sample of n 
observations from a process dis- 
tributed normally with mean R 
and precision A 
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m= the mean of the distribution of R 
posterior to acquiring additional 
_ information ` 
h=the precision of the distribution 
of R posterior to acquiring addi- 
tional information 
r,= the risk tolerance of investor i 
C(n)=the cost of sampling n observa- 
tions 
dN(u,p)=a normal density function with 
mean p and precision p f 
o= the value of the sum over all in- 
vestors of the product 7h, 
n,(r)=the optimal number of sample 
observations acquired by an in- 
vestor with risk tolerance r 
H(r)=the optimal degree of precision 
attained by an investor with risk 
tolerance r, i.e, A(r)=h+n(rjh 
G(n,r)=the expected utility an investor 
with risk tolerance r achieves 
when he chooses n sample ob- 
servations. 
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Unemployment Spells 
and Unemployment Experience 


By GEORGE A. AKERLOF AND BRIAN G. M. MAIN* 


According to a modern view of the labor 
market, as reflected most prominently in 
papers by Martin Feldstein, Robert Hall, 
and George Perry, among others, unemploy- 
ment in the United States is on average of 
quite short duration and, as a result, should 
be modeled not in terms of stocks of per- 
sons who are unemployed for fairly long 
periods of time, but rather in terms of flows 
of persons whose spells of unemployment 
are quite short. 

An important statistic which supports this 
view of unemployment is the large number 
of completed spells of unemployment in any 
one year. For example, in the year 1969, 
which is in no way atypical in this respect, 
93,640,000 persons! were in the labor force 
some fraction of the time, and there were a 
reported 32,100,000 spells of unemployment 
with an average duration of only 4.6 weeks.” 
This paper examines ways in which such 
statistics on the large number of spells and 
the correspondingly short durations are mis- 
leading in terms of the welfare implications 
of unemployment. 

Note that the average duration statistic 
just cited concerned completed spells of un- 
employment. It is not the same as the usu- 
ally quoted official government statistic, the 
average duration of spells currently in pro- 
gress (or interrupted spells). The difference 
between these two statistics is exactly analo- 
gous to the difference between mean life 


*University of California-Berkeley. We would like to 
thank James Berry, Norman Bowers, Harvey Hamel, 
Steve Salant, and Janet Yellen for valuable comments 
and assistance. We also gratefully acknowledge the 
generous financial support of the Board of Governors 
of the Federal Reserve System and the U.S. Depart- 
ment of Labor under Small-Grant Research Project 
No. 91-06-78-27, administered by the Institute of Busi- 
ness and Economic Research of the University of Cali- 
fornia-Berkeley. 

‘See Table C-5, U.S. Bureau of Statistics (1970). 

*See Kaitz, Table 2, p. 12. 
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span (which is the average length of a com- 
pleted life) and the mean age of the popula- 
tion (which is the average length of lives 
currently in progress). This analogy between 
mean life span and mean age suggests that 
the average duration of spells in progress 
should underestimate the average length of 
completed spells because the duration of 
each spell in progress is less than its com- 
pleted length. However, there is also a bias 
in the other direction. In any sample of the 
population, a spell in progress has a proba- 
bility of being sampled which is propor- 
tional to its length, and thus the sampled 
average length of spells in progress may 
overstate the length of completed spells since 
the longer spells are proportionately over- 
sampled.’ The paper by Hyman Kaitz, which 
for the first time estimated the average length 
of completed spells for the United States, 
has been quite influential in supporting the 
new view of unemployment. His paper shows 
that the average length of a completed spell 
from 1948 to 1969 was only 40-62 percent 
of the average length of spells in progress. 
Table I brings Kaitz’ estimates on the aver- 
age lengths of completed spells up to date 
using the method proposed by Steven 
Salant. It also compares the estimated aver- 
age completed spell lengths for these years 
to the official statistics on average in- 
progress (or interrupted) spell lengths. 

This paper concerns the interpretation of 
a spell of unemployment, and offers new 
information on the length of spells of unem- 
ployment separately for people who experi- 


For a good discussion of these issues, see Salant. 

‘According to Salant, if the density of interrupted 
spell lengths T is g(T)=(r— ja {a+ TY”, the den- 
sity of completed spell lengths S is f(S)=ra’(at+ 
S) C+D, Data on interrupted spells were used for 
maximum likelihood estimates of a and r. The function 
JCS) with these estimated values yields estimated densi- 
ties of completed spell lengths. 
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TABLE 1— DISTRIBUTION OF COMPLETED UNEMPLOYMENT SPELLS BY DURATION * 
Number of Weeks Interrupted 
. Average Spell Average Unemploy- 
Year Total <5 5-10. 11-14 15-26 >26 Duration? Duration? ment Rate 
1948 25,580 - 18,880 4,190 900 1,140 470 4.6 8.6 3.8 
1949 30,450 20,310 5,150 1,630 2,320 1,040 6.2 10.0 5.9 
1950 25,510 16,870 4,150 1,270 2,050 1,170 6.7 12.1 5.3 
1951 26,010 20,700 3,000 780 ‘1,070 460 4.1 9.7 3.3 
1952 24,540 19,150 3,510 680 850 350 4.0 84 > 3.0 
1953 25,580 20,470 3,370 630 | 790 320 3.7 8.0 2.9 
1954 28,600 18,720 5,300 1,320 2,020 1,240 6.4 11.8 5.5 
1955 27,300 19,720 4,360 860 1,360 1,030 5.4 13.0 4.4 
1956 28,680 21,010 4,480 960 1,420 810 5.0 11.3 4.1 
1957 26,190 18,150 4,420 1,130 1,650 840 5.7 10.5 4,3 
1958 32,350 21,890 4,160 1,470 2,650 2,180 7.4 13.9 6.8 
1959 31,220 22,190 4,200 1,190 2,180 1,460 6.2 14.4 5.5 
1960 33,590 24,190 4,280 1,380 2,320 1,420 6.0 12.8 5.5 
1961 34,230 23,060 5,220 1,330 2,450 2,170 7.2 15.6 6.7 
1962 32,900 22,980 5,230 1,150 1,930 1,610 6.2 14.7 5.5 
1963 33,210 22,590 5,500 1,320 2,220 1,580 6.4 14.0 5.7 
1964 33,860 24,130 5,090 1,200 2,010 1,430 5.8 13.3 5.2 
1965 33,670 25,000 4,610 1,120 1,810 1,130 52 11.8 4.5 
1966 35,900 28,410 4,420 900 1,370 800 4.2 10.4 3.8 
1967 31,110 22,090 5,680 1,160 1,500 680 5.0 8.8 3.8 
1968 32,340 23,980 5,390 1,020 1,320 630 4.5 8.4 3.6 
1969 32,100 23,670 5,360 1,110 1,390 570 4.6 7.9 3.5 
1970 39,120 24,550 9,260 2,240 2,220 850 5.4 8.7 4.9 
1971 38,010 21,570 9,460 2,600 2,910 1,470 6.8 11.3 5.9 
1972 40,750 © 25,230 9,260 2,350 2,550 1,360 6.2 12.0 5.6 
1973 31,980 17,230 8,420 2,410 2,710 1,210 7.8 10.0 49 
1974 47,150 29,630 10,940 2,670 2,730 1,180 5.6 9.7 5.6 
1975 44,570 21,240 11,730 3,770 4,810 3,020 9.1 14.1 8.5 
1976 47,600 26,610 11,370 3,210 3,850 2,560 8.0 15.8 7.7 
1977 49,540 26,100 °° 13,200 3,870 4,390 1,980 7.2 14.3 7.0 
1978 50,080 30,050 11,770 3,050 3,320 1,690 6.3 13.1 6.0 


2Shown in thousands. 
bShown in weeks, 


ence single spells, two spells, or more than 
two spells of unemployment in a single year. 
The key to our interpretation is that the 
incidence of unemployment, or indeed of. 
the labor market conditions which cause 
unemployment, on individuals who suffer 
from unemployment cannot simply be as- 
-sociated with the duration of completed 
: spells of unemployment for at least two 
reasons. First, there are many persons who, 
even over a short period (a calendar year, 
for example) suffer from multiple spells of 
unemployment. For them the duration of a 
completed spell understates their unemploy- 
“ment experience.” Secondly, the impact of 


$Kaitz mentions the importance of repeat spells, 
especially among people with short spells: “Among the 


bad labor market conditions on individuals 
may not end with a spell of unemployment, 
if at the end of that spell the worker has 
adjusted to these conditions either by taking 
temporary work or by dropping out of the 
labor force.® 


I. Single Spells and Multiple Spells 
Contrasted with the Completed Spell 


The durations of a completed spell of. 
unemployment are meaningful in measuring 


24 million spells of less than five weeks, many were 


completed by individuals who had more than one spell” 
(p. 12). 

6For an analysis of this question, see the excellent 
paper by Kim Clark and Lawrence Summers. 
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the incidence of unemployment for persons 
with only one spell of unemployment over 
the period of observation (for example, over 
a calendar year). However, it fails to mea- 
sure the incidence of unemployment for per- 
sons with repeat spells. Such repeat spells, of 
course, could be ignored if relatively few 
persons suffered from them or if they were 
relatively small in number. The contrary, 
however, appears to be the case. In 1976, for 
example, according to the annual Work Ex- 
perience Survey of the Bureau of Labor Sta- 
tistics, 34 percent of all persons with some 
unemployment had more than one spell and 
more than half of all spells were suffered by 
such persons. 

The use of the completed spell of unem- 
ployment in support of the “new view” the- 
ory of the labor market is most convincing 
if all spells corresponded to a stereotypical 
spell, in which the person out of work is 
continuously searching for a new job and 
the unemployment is sandwiched between 
jobs of long tenure. In this case, the person 
involved will suffer only a single spell of 
unemployment over a fairly long period of 
time, so that the period of unemployment 
and of undesired labor force status of the 
individual coincide. This coincidence is 
much less clear cut in the more common 
spells of unemployment which do not corre- 
spond to the stereotype. 

Unemployment for persons with multiple 
spells could be loosely classified into two 
types. First, many persons with short job 
tenures are in industries whose jobs are 
organized to have short duration. In 1976, 
for example, 18.0 percent of persons with 
three or more spells of unemployment were 
in the construction industry, whereas con- 
struction workers constituted only 5.6 per- 
cent of those with work experience.’ For 
such persons, spells of unemployment are 
inherent in the organization of their in- 
dustry. 

There are also industries in which jobs are 
typically of long tenure; these persons, on 
losing such a job, seek another. The Bureau 
of Labor Statistics records a person as un- 
employed if he is reported out of work but 
has searched for work in the last four weeks. 


7See U.S. Bureau of Labor Statistics (1977). 
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The person is considered “out of the labor 
force” if he did not work and he did not 
search. According to the Current Population 
Survey Interviewers’ Reference Manual (U.S. 
Census, 1976) on the employment duration 
question, the current period of unemploy- 
ment is to begin with the current period of 
search.® Thus failure to search for a job, out 
of discouragement or knowledge that no 
suitable job is available, or because times of 
unemployment involve relatively little op- 
portunity cost for a vacation or for some 
domestic project, breaks a person’s recorded 
spell of unemployment, provided census in- 
terviewers successfully follow their instruc- 
tions. For men, one-third, and for women, 
more than one-half, of all spells of unem- 
ployment end out of the labor force (see S. 
H. Garfinkle, p. 56, Table 4). And ap- 
proximately 40 percent of all spells of unem- 
ployment begin from out of the labor force, 
rather than from employment (see John 
Bregger, Table 2). 

Nor do interruptions in a spell of re- 
corded unemployment by a spell of re- 
corded employment necessarily signify the 
availability of jobs at which a worker can 
earn his permanent income. A person who 
has searched long enough to know that there 
are no permanent jobs commensurate with 
his skills may well take temporary. work 
at considerably reduced wages or with con- 
siderably reduced nonpecuniary rewards.’ 
There are a large number of jobs of short 


®The following passage is the instruction to CPS 
interviewers regarding the beginning of the period of 
unemployment: 

C. Continuously looking: The number of weeks 
should represent the present continuous period of look- 
ing for work, Consider a period of two weeks or more 
during which a person was employed or ceased looking 
for work as breaking the continuity of the present 
period of seeking work. In such cases, enter the number 
of weeks of the present period of looking for work, 
counting from the end of the “break in continuity” 
through end of survey week. 

Example: Arthur Hodges looks for work for four 
weeks, then his uncle takes him on a vacation trip for 
four weeks. Arthur does not look for a job again until 
the beginning of survey week. The entry in item 22C is 
“Ol,” representing the present continuous period of 
looking for work. [U.S. Bureau of the Census, p. D6-40] 

%Additionally, workers facing long periods of layoff 
may take relatively low paying jobs which they view as 
temporary. 
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TABLE 2— UNEMPLOYMENT EXPERIENCE: ALL PERSONS WITH WORK EXPERIENCE 


Average Annual Experience 
of Unemployment Average Spell Length , 
for People With? for People With? aia Length 
Year 1 Spell 2 Spells > 2 Spells? 1 Spell 2 Spells >2 Spells* Completed Spell? 
1965 10.1 14.8 13.1 10.1 7.4 5.2 73 
1966 9.2 13.6 16.8 9.2 6.8 48 6.7 
1967 9.1 13.3 16.5 9.1 6.7 4.7 6.7 
1968 8.4 13.3 16.5 8.4 6.7 4.1 6.6 
1969 9.0 12.4 16.5 9.0 6.2 4.7 - 6.6 
1970 11.5 15.4 19.1 11.5 7.1 5.5 8.3 
1971 13.4 17.6 29.4 13.4 8.8 5.8 9.5 
1972 12.7 16.4 19.4 12.7 8.2 5.5 8.9 
1973 11.0 15.2 13.3 11.0 7.6 5.2 8.0 
1974 11.6 15.7 13.0 11.6 7.9 5.1 8.2 
1975 15.4 19.2 19.4 15.4 9.6 5.6 10.7 
1976 14.6 18.4 20.3 14.6 9,2 5.8 10.2 
1977 13.6 17.1 13.8 13.6 8.6 5.4 9.5 
Average 11.5 15.5 18.3 11.5 7.8 5.2 8.2 


Source: BLS Work Experience of the Popuiation, various years. 


*In weeks per year. 
>In weeks per spell. 


“Assumes average of greater than 2 spells category is 3.5 spells. 


duration. According to the most recent Spe- 
cial Labor Force Report on Job Tenure of 
Workers, in January 1973, 17.3 percent of 
all persons were at work on jobs which had 
lasted six months or less. A finer breakdown 
on short-term jobs was not available. The 
median length of time on the current job 
was only 3.9 years.!° 

Since the durations of completed spells 
are useful in calculating the incidence of 
unemployment for persons with only one 
spell of unemployment over a period of 
observation, we classified the unemploy- 
ment experiences of persons according to 
the number of spells of unemployment which 
they experienced over the course of a 


calendar year. The results of this classifi- - 


cation taken from the annual Work Experi- 
ence Survey are reported in Table 2. They 
reveal an empirical regularity which has im- 
plications for persons with all types of un- 
employment experience. Every group, per- 
sons with single spells, double spells, and 


10See U.S. Bureau of Labor Statistics (1975, p. A-8, 
Table A). 


three or more spells, experienced more un- 
employment than indicated by the average 
length of a completed spell. Persons with 
single spells have more unemployment be- 
cause multiple spells are on the average 
shorter than single spells; persons with more 
than one spell have more unemployment 
because of the multiplicity of their spells. 

The average durations in Table 2 were 
calculated from data on the numbers of 
persons with work experience, with unem- 
ployment experience lasting 0-5 weeks, 6- 
10 weeks, 11—14 weeks, 15-26 weeks, and 
27—52 weeks. The average duration of un- 
employment experience for persons in each 
of these intervals was taken to be its mid- 
point. The crudeness of this assumption 
should not affect the relative values of the 
average spell lengths of persons with one, 
twa, or three or more spells of unemploy- 
ment since the same assumption was used 
consistently throughout. 

According to Table 2 for all the years of 
the annual Work Experience Survey from 
1965 to 1977, for the population with some 
work over the course of the year, the aver- 
age duration of unemployment spells de- 
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creases with the number of spells experi- 
enced in the calendar year. Total weeks of 
unemployment over the year increases, but 
considerably less than proportionately with 
the number of spells of unemployment. The 
average length of unemployment experi- 
enced increases only 37 percent from one to 
two spells, and only 18 percent from two 
spells to three or more spells. Correspond- 
ingly, the duration of double spells was on 
average 31 percent shorter than the duration 
of single spells, and the duration of “‘triple- 
plus” spells was on average 32 percent 
shorter than the duration of double spells. 

In the case of persons with single spells 
there is no ambiguity as to whether the 
person involved belongs to an industry 
organized in such a way that multiple spells 
over the course of a calendar year are auto- 
matic. The average length of time for such 
persons between long-term jobs is under- 
stated by the average durations of their 
spells. There are two reasons: the interrup- 
tion of any spells of unemployment which 
happen to be in progress either at the begin- 
ning or end of the calendar year; and the 
existence of other spells not recorded due to 
the arbitrary division imposed by the 
calendar-year observation period. There is, 
furthermore, a systematic reason why per- 
sons with short periods between long-term 
jobs will have single spells of unemployment 
and persons with long periods between long- 
term jobs will have multiple spells; the in- 
terim adjustment to such a long spell be- 
tween long-term jobs, either by dropping 
briefly out of the labor force or by taking 
temporary work, breaks the spell of unem- 
ployment. For these reasons it is significant 
that single spells are considerably longer 
than the average completed spell of unem- 
ployment. The average durations of single 
spells constitutes a conservative lower bound 
on the average durations of periods suffered 
by persons between long-term jobs. 


II. Tests of Robustness of Negative Correlation 
between Length and Number of Spells 


The previous section reported an empiri- 
cal regularity regarding the negative correla- 
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tion between average spell lengths and the 
number of spells of unemployment experi- 
enced in a calendar year. This section will 
discuss potential biases in this data with an 
attempt to estimate the order of magnitude 
of those biases. As it turns out, none of 
these biases significantly modify the conclu- 
sion that persons with single spells have 
significantly longer unemployment dura- 
tions than persons with multiple spells. 


A. Reporting Bias 


The results of Table 2 are at least a bit 
questionable because of its reliance on data 
from the annual work experience surveys. 
These surveys appear to be quite consistent 
with the month-to-month CPS with respect 
to the reporting of the unemployment expe- 
rience of prime age and of older men, but 
both women and teenagers report signifi- 
cantly fewer weeks of unemployment expe- 
rience than is consistent with the monthly 
interviews. For example, for the years 1964 
to 1971 the weeks of unemployment of 
women according to the Work Experience 
Survey understates the weeks of unemploy- 
ment according to the CPS by an average of 
19 percent. (See Richard Morgenstern and 
Nancy Barrett, p. 356.) For that reason it 
was felt desirable to construct a separate 
table for the unemployment experience of 
prime age men, whose unemployment is 
overreported by an average of only 10 per- 
cent.!! 

Unpublished data were available from the 
Bureau of Labor Statistics to‘construct Ta- 
ble 3 which reports estimates of unemploy- 
ment duration of men 25-45 and over 45, 
respectively, for the years 1974-1977 for 
persons with some work experience. It is 
significant that these groups display the same 
negative correlation between average dura- 
tions of spells of unemployment and the 
number of spells that occur for the popula- 
tion as a whole. Among older men, for 
example, those with two spells of unemploy- 
ment have only 10 percent more unemploy- 
ment than persons with one spell, and older 


‘For a similar point see June O’Neill. 
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TABLE 3— UNEMPLOYMENT EXPERIENCE: MALES AGED 45 AND OVER AND 25-44 
Average Annual Experience 
of Unemployment* Average Spell Length Average Length 
of 
Year 1 Spell 2 Spells >2 Spells? 1 Spell 2 Spells >2 Spells* Completed Spell 
A. Males Aged 45 and Over 
1974 14.9 16.6 20.3 14.9 8.3 , 38 9.9 
1975 18.9 20.6 18.8 18.9 10.3 5.4 11.4 
1976 19.2 19.5 19.7 19.2 9.7 5.6 11.4 
1977 17.2 20.3 19.1 17.2 10.2 5.5 11.1 
Average 17.6 19.3 19.5 17.6 9.6 5.6 11.0 
B. Males Aged 25~44 
1974 12.6 16.1 18.0 12.6 8.1 5.2 8.3 
1975 16.3 20.1 20.0 16.3 10.1 5.7 11.1 
- 1976 15.6 18.2 21.2 15.6 9.1 6.1 10.3 
1977 14.9 17.6 19.7 14.9 8.8 5.6 10.1 
Average 14.9 18.0 19,7 14.9 9.0 5.6 10.0 


Source: Unpublished data supplied by Bureau of Labor Statistics. 


abcSee Table 2. 


men with three or more spells have only 2 
percent.more, while average durations de- 
cline by 45 percent from one to two spells 
and 49 percent from two to three or more 
spells. The qualitative agreement between 
these groups of prime age men and the 
whole population indicates that the negative 
correlation between spell length and number 
of spells is not merely due to the failure of 
the unemployment of women and teenagers 
to be recalled correctly in the annual 
Work Experience Survey. _ 


B. Interruption Bias 


_ There is a second bias in the data which 

concerns the period of observation (i.e. one 
calendar year). Not all the spells of unem- 
ployment of the whole population reported 
in Table 2 or of the adult males reported in 
Table 3 were recorded in their entirety, since 
some spells were interrupted by the begin- 
ning of the calendar year for which the 
work experience was recorded and other 
spells were interrupted by the end of the 
calendar year. The introduction to this paper 
focused on the meaning of the length of a 
completed spell. To be consistent with that 
introduction the statistics presented should 
only concern completed spells. Direct ob- 
servation of such spells, unmixed with inter- 


rupted spells, is only available from longitu- 
dinal data (see Parnes et al., 1968, 1972a, b). 
Four sets of such data are available, for 
young men, young women, and older men. 
Because of the underreporting biases with 
respect to youth and women, our attention 
is focused on older men. From the National 
Longitudinal Survey it was possible to com- 
pute the average length of completed spell 
for spells totally experienced in the inter- 
view year 1966—67. These spell lengths are 
classified in Table 4 according to the num- 
ber of spells completed within the interview 
year. The qualitative results of Tables 2 and 
3 hold up: unemployment experience in- 
creases with the number of spells but con- 
siderably less than proportionately. 

It is also of interest to compare the aver- 
age length of a single spell with the average 
length of all completed spells. This spell is 
57 percent longer. Thus for a person whose 
unemployment experience in a given year is 
unambiguously measured by the length of a 
single spell, then this spell is on average 57 
percent longer than the average length of all 
completed spells. 


C. Finite Period of Observation Bias 


The data presented have shown that single 
spells of unemployment have average dura- 
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TABLE 4— UNEMPLOYMENT EXPERIENCE: MALES AGED 45-59 


Average Annual Experience of 
Unemployment® Average Spell Length , Average Length 
of 
Year 1 Spell 2 Spells >2 Spells* 1 Spell 2 Spells > 2 Spells® Completed Spell 


1966-67 9.9 12.0 14.0 9.9 6.0 4.0 6.3 


Source: Parnes’ National Longitudinal Survey of Labor Force Experience. 
abc See Table 2. 


TABLE 5— SIMULATED UNEMPLOYMENT EXPERIENCE OF 100,000 MALES AGED 45—59, 1966-67 


Average Annual Experience 
of Unemployment Average Spell Length 
for Those with* for Those with? Average Length 
: of ' 
1 Spell 2 Spells 3 Spells I Spell 2 Spells 3 Spells Completed Spell. 
6.1 10.8 13.1 6.1 5.4 4.4 6.0 


Source: A simulation of the labor market experience of 100,000 men over one year based on the average behavior of 
4,500 men from Parnes’ National Longitudinal Survey of Labor Market Experience, 1966-67. 


&bSee Table 2. 


tions which are greater than the average 
durations of repeated spells and, conse- 
quently, of all completed spells. Moreover, 
the simplest null hypothesis that all persons 
have equal transition probabilities between 
different labor market states predicts, simi- 
larly, that over any finite period of observa- 
tion persons with more spells of unemploy- 
ment will have on average shorter spells; the 
shortness of a single spell increases the 
probability of having other spells in the re- 
maining time in the finite period of observa- 
tion. No data which is conceivably available 
would show directly how much shorter multi- 
ple spells will be, due to the finite observa- 
tion period. l 
It was, however, possible to perform a 
simulation to approximate the order of mag- 
nitude of this bias. Our prior paper used the 
same sample of older men from the Na- 
tional Longitudinal Survey for the same in- 
terview year 1966-67 whose completed 
spells were reported in Table 4. That paper 
computed the average weekly probability of 
transition between employment and unem- 
ployment and between unemployment and 
employment. Weekly constant probabilities 


of moving from E to U and U to E of each 
individual were assumed to be logistic func- 
tions dependent on the characteristics of the 
individual. The parameters of these logistic 
functions were estimated to maximize the 
likelihood of the observed spells of employ- 
ment and unemployment. Because of lack 
of data, periods out of the labor force were 
treated, per necessity, as blank. From the 
parameter estimates and the characteristics 
of the population, the average estimated 
weekly probabilities for the whole popula- 
tion of older men of moving from E to U 
and U to E were .0036 and .1426, respec- 
tively. . 

Simulations of the simple Markov model 
with all persons having these weekly transi- 
tion probabilities gives an estimate of the 
extent to which multiple spells are shorter 
due to the observation period of one year. 
Use of the average estimated probabilities 
of .0036 and .1426, which were for the same 
time period and the exact same population, 
make the results dimensionally of the right 
order of magnitude, There is an added rea- 
son for confidence in the order of magni- 
tude from simulations using these estimates: 
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the average U to E transition probability of 
.1426 predicts an estimated completed spell 
length of 7.0; this predicted spell length 
` differs by only 10 percent from the actual 
completed spell length recorded in Table 4 
of 6.3 weeks. Table 5 reports the results of 
simulations of 100,000 labor force experi- 
ences for a population with transition prob- 
abilities of .0036 and .1426. 

Table 5 shows that, for this population, 
single spells are approximately 13 percent 
longer than double spells, and double spells 
are 23 percent longer than triple spells. This 
compares with Table 4 in which single spells 
were 65 percent longer than double spells, 
and double spells were 50 percent longer 
than triple-plus spells. Thus the finite ob- 
servation period bias does not seem capable 
of explaining the observed difference be- 
tween single and multiple spells, although it 
can explain a sizable fraction of the dif- 
ferences in lengths between double and tri- 
ple spells. 


A 


HI. Conclusion 


This paper has found that the average 
length of single spells of unemployment is 
longer than the average length of multiple 
spells. The conclusion appears robust, being 
due neither to the underreporting of unem- 
ployment experience by teenagers and 
women, nor to the interruption of uncom- 
pleted spells by the beginning or end of the 
calendar year, nor to the finite period of 
observation. 

Consequently, this paper strongly suggests 
that statistics on average unemployment 
durations of completed spells seriously un- 
derestimate the unemployment experience 
of all groups of persons considered in this 
paper: persons with single spells, because on 
average single spells are longer than multi- 
ple spells; and persons with multiple spells, 
because the unemployment experience of 
these persons includes the multiplicity of 
their spells. 


REFERENCES 
G. A. Akerlof and B. G. M. Main, “Pitfalls in 


Markov Modeling of Labor Market Stocks 
and Flows,” J. Human Resources, forth- 





DECEMBER 1980 


coming 1981. 

J. E. Bregger, “Unemployment Statistics and 
What They Mean,” Mon. Labor Rev., Nov. 
1971, 16, 22-29. 

K. B. Clark and L. H. Summers, “Labor Force 
Transitions and Unemployment,” mimeo., 
Cambridge, Mass., Apr. 1978. 

M. S. Feldstein, “Lowering the Permanent 
Rate of Unemployment,” U.S. Congress, 
Joint Economic Committee, Washington 
1973. 

S. H. Garfinkle, “The Outcome of a Spell of 
Unemployment,” Mon. Labor Rev., Jan. 
1977, 22, 41-54. 

R. E. Hall, “Turnover in the Labor Force,” 
Brookings Papers, Washington 1972, 3, 
709-56. 

H. Kaitz, “Analyzing the Length of Spells of 
Unemployment,” Mon. Labor Rev., Nov. 

. 1970, 93, 11-20. 

R. D. Morgenstern and N. S. Barrett, “The 
Retrospective Bias n Unemployment Re- 
porting by Sex, Race and Age,” J. Amer. 
Statist. Assn., June 1974, 69, 355-57. 

J. O’Neill, “The Male-Female Unemploy- 
ment Differential—Findings from Work 
Experience Survey,” U.S. Council of Eco- 
nomic Advisers, Washington, Nov. 21, 
1972. 

Herbert S. Parnes et al., The Pre-Retirement 
Years: A Longitudinal Study of the Labor 
Market Experience of Men, Vol. 1, 
Manpower Research Monograph No. 15, 
U.S. Department of Labor, Washington 
1968. : 

— ect al, (1972a), The Pre-Retirement 
Years: A Longitudinal Study of the Laber 
Market Experience of Men, Vol. 2, Center 
for Human Resource Research, Ohio State 
Univ. 1972. 

et. al, (1972b), The Pre-Retirement 
Years: A Longitudinal Study of the Labor 
Market Experience of Men, Vol. 3, Center 
for Human Resource Research, Ohio State 
Univ. 1972. 

G. Perry, “Unemployment Flows in the U.S. 
Labor Market,” Brookings Papers, Wash- 
ington 1972 2, 245-78. 

S. W. Salant, “Search Theory and Duration 
Data: A Theory of Sorts,” Quart. J. Econ., 
Feb. 1977, 91, 39-57. 

U.S. Bureau of the Census, Interviewers’ Refer- 
ence Manual, Rev., Washington, Feb. 


VOL. 70 NO. 5 AKERLOF AND MAIN: SPELLS OF UNEMPLOYMENT l 893 


1976. | | Work Experience of the Population, 1976, 
U.S. Bureau of Labor Statistics, Special Labor Washington 1977. 
Force Report #127, Work Experience of , Special Labor Force Report +172, 





the Population, 1969, Washington 1970. Job Tenure of Workers January, 1973, 
, Special Labor Force Report #201, Washington 1975. 


Community Development: The Effects 
of Growth and Uncertainty 


By J. VERNON HENDERSON* 


The development of metropolitan area 
communities that independently finance and 
provide some or all of their local public 
services has been carefully explored in the 
literature. Papers by Charles Tiebout, Bryan 
Ellickson, Martin McGuire, and Bruce 
Hamilton establish that, because of uni- 
formity of public good demand and financ- 
ing considerations, residents of a metropoli- 
tan area will tend to stratify into fiscally 
independent communities where the resi- 
dents are relatively homogeneous in testes 
and wealth. Such stratification may involve 
the formation of large communities such as 
suburbs, small communities such as con- 
dominiums, or both, depending on the in- 
stitutional setting and the range of public 
services under investigation. The stratifica- 
tion result and that type of modeling is the 
starting point of this paper, from which I 
will go on to explore two main topics. 

First is the dynamic development of these 
stratified communities, an issue that cannot 
be explored in the static models in which 
the stratification result has been derived. 
Consider either an established community 
or one just forming where future growth of 
residents with similar public service de- 
mands is expected. Typically, a developer(s) 
would own the land which future residents 
would buy, whereas the initial residents 
would hold zoning and development rights 
on that undeveloped land plus the power to 
specify public service levels. Then, in order 
for land sales and further development to 


*Brown University. William Fischel and Yannis 
Ioannides provided helpful comments on the earlier 
version of this paper. I also benefited from discussions 
with the members of the Urban Economics Workshops 
at the University of Chicago and Columbia University, 
the Theory Workshop at the University of Penn- 
sylvania, and a seminar at the University of Washing- 
ton. 


occur in any period, both groups must im- 
plicitly or explicitly bargain and agree upon 
the terms of sales to new residents, given 
that neither party can proceed unilaterally 
with ‘development. The agreement will cover 
lot sizes, housing, and public services to be - 
offered to new entrants and the division of 
any land sale profits. 

Given this bargaining situation, what lot 
sizes, public services, and prices will be 
offered to future residents? If there are prof- 
its above opportunity cost, what will be the 
division of profits between existing residents 
and the developer, and what is the mecha- 
nism for the division? Noel Edelson and 
Michelle White each examined one of these 
future periods of a community’s develop- 
ment in a static framework, but they have 
done so assuming that either the residents or 
the developer have complete control and 
can unilaterally specify the offerings to new- 
comers and extract all profits. Under that 
assumption in general as we will see later, 
the lot sizes and public services offered will 
not be Pareto efficient. For example, exist- 
ing residents will act to “overzone” lot sizes 
to increase the property tax base and the 
taxes paid by new residents. In this paper, I 
examine the problem in a setting of bilateral 
bargaining and exchange between develop- 
ers and existing residents. The bilateral 
exchange is examined in a dynamic con- 
text where community formation is 
linked to later growth. Under these condi- 
tions it can be shown that in general the 
bargaining outcome will be to offer later 
residents Pareto-efficient levels of lots and 


- public services. 
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The second topic explored in this paper is 
the type of contractual arrangements that 
will arise between the developer and initial 
residents of a community. For example, the 
process of bilateral exchange may result in 
future lot sizes and public service levels for 
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later entrants being contractually fixed at 
the time of community formation in new 
communities, or fixed prior to expected 
growth in established communities. I will 
examine why and under what conditions 
this and other types of contractual arrange- 
ments arise. 

An excellent illustration of the particular 
arrangement just mentioned is in “new 
towns” and, to some extent, other large-scale 
development projects such as some con- 
dominiums (see Uriel Reichman). Develop- 
ment in these towns is governed by a combi- 
nation of land use or zoning regulations, 
public service infrastructure, and regulations 
on future public services, all based upon 
development plans for the town submitted 
by the developer. Future public service 
management is governed by a homeowner’s 
association, or a “residential private govern- 
ment,” in which the developer can hold a 
majority of votes up to the first 10-15 years 
of the community’s life. A basic question 
this paper answers is why people would 
choose to live in these types of communities 
and hence agree to contractual arrange- 
ments where they forfeit their political rights 
to enact changes in community develop- 
ment and characteristics for some consider- 
able period of time. 

A discussion of contractual arrangements 
would be incomplete without an analysis of 
how risks under uncertainty will be shared 
and shifted between two parties in a 
bargaining situation (see Joseph Stiglitz, 
Martin Baily, Steven Shavell, and Costas 
Azariadis). In the second part of the paper, 
I will explore how uncertainty about the 
extent of future demand to live in a com- 
munity, and hence the extent of possible 
profits and losses from future land sales and 
public service provision, will affect the prices 
of land to initial residents when a commun- 
ity forms. Uncertainty also effects the de- 
sign and implementation of regulations 
governing future land uses and public 
services. As we will see, due to risk aversion, 
future lot sizes may be set larger or smaller 
than sizes that would otherwise be char- 
acterized as Pareto efficient. Uncertainty 
also affects the relative efficiency of differ- 
ent types of contractual arrangements. 
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I. Zoning and Fiscal Policies under Certainty 


The topics of this paper are analyzed in a 
two-period model. In period 1, I examine 
one group of residents with similar tastes 
and wealth who wish (can be induced) to 
form a community for the purpose of jointly 
consuming local public services. Within any 
community that forms, it is assumed the 
land is initially owned by one developer or 
group of developers who act as one (such as 
a land development corporation).! I will also 
consider a situation where the community 
owns the land. 

Although within any potential community 
the land is owned by one agent, residents 
face a development market for communities 
that is competitive in the following sense. 
Our group of people face an array of poten- 
tial and/or existing communities they can 
join, some or none of which may offer ex- 
actly identical features. Community forma- 
tion can occur in the context of other com- 
munities forming in period 1, with some 
developers ending up with developments and 
others not. Regardless, let us assume there 
are sufficient potential and existing develop- 
ments so that, in setting prices and design- 
ing his potential community, a developer 
does not perceive that his price-characteris- 
tic offerings affect offerings elsewhere— 
developers do not exhibit strategic pricing 
behavior. 

In period 2, there is population growth in 
the community because there are additional 
potential residents who can be induced to 
join the community at prices and quantities 
yielding some positive (or, at least nonnega- 
tive) benefits to either the developer or the 
initial community residents, or both. It is 
presumed that these are people who are 
similar to initial residents, but who are new 
to the metropolitan area, or who for some 
reason had to remain in some other com- 
munity in period 1. These people face an 
array of possible existing or potential com- 


|The developers will have previously purchased the 
land from people such as farmers, and the prices they 
paid may reflect future profits they may earn. I will not 
investigate this issue, but instead concentrate on what 
the developers do once they own the land. 
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munities they can join. There may be com- 
munities competing for these residents who 
can make offers that are identical to our 
community’s offer or our community might 
be able to make a unique offer. 

This characterization of the same devel- 
oper being involved in both the formation 
and growth of a community seems a rea- 
sonable characterization of the formation 
and growth of various new suburban com- 
munities in rapidly growing parts of the 
South, Central, and western United States, 
and it is certainly a reasonable characteriza- 
tion of the development of new towns and 
condominiums. In the Northeast, however, 
growth typically occurs in old established 
towns located next to a core city. I- will 
discuss later in the paper how our central 
results may be directly applied to growth of 
established communities such as these. 


A. The Planned Community Model 
and Solution 


In this setting of community formation 
and growth, let us determine current and 
future public service levels, tax rates, prices, 
and lot sizes in a world of perfect certainty. 
In the first situation, assume the developer 
designs the community by suggesting cur- 
rent lot prices, and current and future lot 
sizes and public services. In making his 
suggestions, or choices, he acts to maximize 
the present value of profits. Potential resi- 
dents in period 1 shop around in the devel- 
opment market and.pick the community 
that offers them the best package. 

I will show that the developer’s choices as 
to lot sizes and public service levels will. be 
Pareto efficient, and that under appropriate 
contractual arrangements his choices will be 


the equilibrium solution. Moreover, it will: 


also be shown in Part B of this section that 
his choices as to lot sizes and public services 
are identical to those that the community, or 
period 1 residents, would choose if they 
owned the land themselves and made all 
decisions unilaterally. 

In defining variables I use the following 
notation to read: x,(i) refers to the level 
of variable x for the jth period entrant in 
period i; i, j=1,2. In general, I only use 
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both the i and j designations where neces- 
sary. Thus since period 2 entrants consume 
only in period 2, I use only a subscript for 
their variables, for example, x. 

Initial residents maximize intertemporal 
strictly concave utility functions V= 
Vix,(1), x,(2), g(1), g(2), /;) where x,(7) is 
period i consumption of all other goods, /, is 
lot size, and g(i) is period i consumption of 
public services. It is assumed that housing 
services are produced solely with land /,, 


` and that an initial resident cannot alter his 


initial lot size in period 2 (and hence can 
only alter his housing consumption by mov- 
ing). Secondly, it is assumed that, in any 
time period, per person consumption of 
public services is the same for all residents 
(new or old). (Thus g(1) and g(2) are not 
subscripted.) Initial residents have a wealth 
constraint where W,=x,()+x,Q)D+R,+ 
(111) +7(2)D)l,. The x(i) have spot prices of 
l and D is a discount factor (the inverse of 1 
plus the interest rate), R, is the purchase 


_ price of a lot in period 1, and (¢(1) + ¢(@2)D)/, 


are current and future tax liabilities on the 
lot. 

These taxes are determined as follows. 
Tax and assessment rates per unit of land 
are the same for all residents and do not in 
general vary with individual land consump- 
tion, although we could specify a variety of 
other assumptions (see Edelson). Thus where 
t(1) is the combined assessment price-tax 
rate prevailing in the community, period 1 
tax collections are N,t(1)/,, where N, is the 
number of period 1 entrants. The public 
budget must be balanced in each period. 
Public expenditures in period 1 are g(1)N;c, 
where c is the unit cost of public services. At 
this point the nature of these public services 
must be defined. 

In a local context, public services cannot 
be specified as pure public goods because 
then it would be inefficient for residents to 
stratify into different local communities to 
independently provide these goods. Instead 
they are a type of congested good, where 
scale and congestion effects are synthesized 
on the production side. Then c is the unit 
cost of providing the same quality of public 
services to N residents, or of providing gN. 
As N increases, c may decline. In fact, if g 


VOL. 70 NO. 5 


were a pure public good, dc/dN=—c/N, 
whereas if it is a pure private good at the 
margin of consumption, dc/dN =Q. 

In this paper it is specifically assumed 
there is an initial threshold level of provi- 
sion of public services below which unit 
costs are prohibitive. This essentially defines 
a minimum size feasible community and 
encourages the formation of residential 
“clubs,” or communities to facilitate provi- 
sion of these goods. I assume N, exceeds 
this threshold size; but unit costs could still 
decline somewhat as we add population in 
period 2. In general, I assume scale is suffi- 
cient so that g is a private good at the 
margin of consumption, or c(1)=c(2)=c. 
Given a balanced budget, we know 


(1) t(1)=8(1)c/1, 


In period 2, taxes are (2X7, Ni + LN), 
where N, is the number of future entrants 
and /, their lot sizes. Equating taxes with 
expenditures, g(2)ce(N;, + N>), we have 


c(N,+N,) 


(2) Q2) =82) TN FLN) =g(2)a/b 


where a=c(N,+N,), and b is the commun- 
ity tax base, ¿4 N, +1, N3. 

Initial residents have an alternative equi- 
librium utility level in their next-best poten- 
tial community, where V is viewed by the 
developer as being fixed. This reflects the 
competition assumption made earlier. It al- 
ways profits the developer to charge prices 
that reduce the initial residents’ utility levels 
to (or infinitesimally above) their alternative 
V. Exactly how V is arrived at and what its 
level implies are extensively analyzed below. 
For example, it is consistent with a situation 
where all the developer’s future profits are 
transferred to initial residents via low land 
prices. 

Substituting the consumer’s wealth con- 
straint into the utility function for x,(2), we 
may write V—V(x,(1), D7'(W,-x,()—R, 
— (tl) + 72@2)D)I,), 80), 82), 1) =0. Given 
the definition of ¢(/) in equations (1) and 
(2), we may then define a function describ- 
ing willingness to pay for a lot in this com- 
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munity: 


(3) R,=R,(x,(1), (1), g(2), lhs l2; 
Wis Nis Nz,V,...) 
OR, /dm=(0V/dm)/(— AV /9R,) 


m=x,(1), (1), 82), l, l 


The existence and properties of this function 
follow from the implicit function theorem. 
To illustrate 0R,/dm, note that IR, /3 =- 
DI N g@)a/b? and 3R,/dl,=D(aV/al,)/ 
(9F/3x (2) — DLN, g(2)a/b*. This period’s 
lot price R, is affected by /,, since increases 
in /, increase the tax base and payments of 
future residents for a given g(2). This lowers 
the period 2 tax rate needed to finance g(2) 
and hence lowers the future tax liabilities of 
initial residents. The expression for 0R,/d/, 
indicates the present value of the tax liabil- 
ity reduction and hence how much more 
initial residents would be willing to pay for 
a lot in period 1. For 0R,/d/,, the amount a 
resident is willing to pay for an additional 
unit of land is his marginal evaluation. of 
land less his increased tax liabilities in period 
2 (note his period 1 tax liabilities for the 
same g(i) are unchanged since period | 
residents equally divide public service costs 
and thus ¢(1) falls by the same percent as /, 
rises). 

A potential period 2 entrant has a strictly 
quasi-concave utility function v= v(x, 
g(2),/,), where x, is consumption of all 
other goods, /, is lot size, and g(2) is per 
person consumption of public services, 
which potential entrants view as being fixed 
(either set in period 1 or determined in 
period 2 by initial residents). The budget 
constraint is y, —x,—R,-—t(2)l,=0 where y, 
is income and R, is the price of a lot in 
period 2. The equilibrium best alternative 
utility level in another community is 0, which 
is viewed as fixed by the developer or com- 
munity. Hence, as before, from the implicit 
function vo—v(y,—R,—t(2)/,, g(2), /,)=9, 
we may define a willingness-to-pay function 
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that characterizes period 2 entrants: 
(4) R,=Rp(/2, 8(2), 113 Y2 8, Ny, No,..-) 
dR,/dIm=(dv0/dm)/(—dv/dR>) 
m=1,1,, g(2) 


where, for example, 0R,/0/,=/,N,2(2)a/b?. 
An increase in /, increases the amount period 
2 entrants will pay for a lot because for the 
same g(2) their tax liabilities fall. 

The developer’s profits on each sale are 
revenue, R, or R,, less opportunity costs. 
Any unused land the developer has can be 
rented out to, say, farmers at the going 
agricultural rent p; and it is assumed the 
developer pays no taxes on land not used 
for residential purposes. Thus the present 
value of his opportunity cost on a period 1 
sale is p(1 +D) and on a period 2 sale is pD, 
where D is the discount factor. 

To close the problem, I must make two 
more assumptions about the developer’s 
situation. In setting prices, the developer 
may charge initial and later residents differ- 
ent implicit per period prices (given their 
different alternatives, V and ©). To ensure 
these solutions are consistent with equi- 
librium ones, assume that once a developer 
has sold or let his land, there is no sublet- 
ting or resale of land in a period so that 
low-priced residents cannot sell off part of 
their land to high-priced residents. 

Community area can be adjusted at op- 
portunity cost p in period 2 to include any 
entrants the developer wishes to admit, sub- 
ject to regulations governing lot sizes. In a 
certain world, since the developer is omni- 
scient and knows period 2 land sales, com- 
munity size can be fixed in period 1. 


l. Economic Characteristics of a Solution 
Given the above assumptions, the present 
value of the developer’s profits is simply 


(5) 
P.V.=N,(R,—p(1+D)I,)+.DN,(R,—pl) 


Maximizing P.V. with respect to lot sizes 
and public services given equations (3) and 
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(4) and rearranging terms, we get? 
(6) V/V,=pU+D)/D 


v,/ 0, =P 
N,V,/V,,+ Nyv,/0,= a= c(N, +N) 


(8V/dg,)/(@V/dx(2)) =c/D 


where V,=0V/01,, V.=3V/0x,(2), V,=0V/ 
0g(2), v,=00/0l,, v,=d0/dg,, and v= 
dv/dx,. These conditions state that, given 
our assumptions, relevant marginal rates of 
substitution in consumption equal relevant 
opportunity costs for private goods. In addi- 
tion, a modified Samuelson condition is 
satisfied for publicly provided goods. Note 
this last condition is applied to a publicly 
provided service which is a congested type 
of good (and may even be a pure private 
good at the margin of consumption), where 
all residents are required to consume the 
same level of service. Given this specifica- 
tion of the problem, these of course are 
Pareto-efficiency conditions. (I have maxi- 
mized the welfare of the developer holding 
everyone else’s (0 and V) welfare fixed.) 
Why does it pay the developer to set 
goods at Pareto-efficient levels? As an il- 
lustration, examine /,. Once into period 2, 
the developer would maximize profits N,(R, 
—pl,) by setting /, so that v,/v,=pt+ 
0(t(2)/,)/9l,. Given diminishing marginal 
rates of substitution in consumption, given 
d(t(2)/,)/0l,>0, and given g(2) fixed, this 
lot size must be smaller than the one where 
v,/v,=p. Once into period 2, the developer 
would reduce lot sizes to reduce the tax 
liabilities (1(2)/,) of entrants and hence raise 
the price these entrants are willing to pay to 
him. However, from a period 1 perspective, 
the developer must account for the negative 
effect of l, and 7¢(2)/, reductions upon R,, 
the price initial residents are willing to pay 
(since these reductions raise their future tax 
rate). These effects on period 1 and 2 profits 


2As in my earlier paper, one can arrive at equations 
(6) by characterizing the equilibrium as one where 
developers are offering price-quantity tradeoffs (R; vs. 
ly) to match demand side tradeoffs of initial residents. 
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of altering /, to alter tax liabilities cancel 
out. Similarly g(2) is set according to a 
Samuelson-type condition, by trading off 
gains and losses to period 1 and 2 entrants 
of g(2) changes, as reflected in the lot prices 
they are willing to pay. 


2. Contractual Characteristics of the Planned 
Community Solution 

Equations (6) will be satisfied only under 
certain contractual arrangements. Let us 
specify a set of arrangements that allow 
equations (6) to be satisfied in equilibrium, 
and label this solution the planned commun- 
ity solution. When initial residents choose to 
live in the developer’s community, they agree 
to a contract where /,, /, and g(2) are fixed 
and predetermined to all parties, where they 
pay a set price R,, and where the developer 
is free to charge what he can in period 2, 
given the fixed /, and implicitly fixed period 
2 taxes. The level of g(1) can also be fixed in 
the contract. Alternatively, initial residents 
can be left to vote for and provide g(1) 
themselves, since under our assumptions in 
a competitive (costless) political process they 
will choose the optimal g(1). 

The phrase “agreeing to a contract” can 
mean one of two things. As in new towns 
and condominium developments, a contract 
can literally be signed between developers 
and each resident that fixes current and 
future lot sizes and public services. Public 
services are fixed in practice by period 1 
provision of all current and future capacity 
requirements and regulations setting items 
such as pupil-teacher ratios, population-park 
and police ratios, frequencies and standards 
for garbage disposal and street cleaning, etc. 
Alternatively, as a new community forms, 
initial residents can simultaneously vote for 
current and future public service levels and 
zoning regulations governing current and 
future lot sizes, and then grant the developer 
future development rights under those reg- 
ulations. 

Why must there be these binding con- 
tracts for equations (6) to be satisfied? If no 
contracts and regulations dre made and the 
community forms so that residents hold the 
development and zoning rights and the de- 
veloper owns the land, once into period 2 
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we are in a two-party bargaining situation 
where the participants are free to try to alter 
l, and g(2) relative to the levels in the equa- 
tions (6). I call this an unplanned community 
situation. 

In this situation, following Edelson, devel- 
opers will want to sell small lots, reducing /, 
so that v,/v,=p+9(t(2)l,)/dl, (see above) 
which maximizes their remaining profits 
once into period 2. In contrast, following 
White, community members will want to 
zone for large lots to maximize the taxes 
(t(2)/,) paid by later entrants and hence 
reduce their own taxes for any g(2) subject 
to the constraint that R,—p/,>0, so that 
the developer will still be willing to sell the 
land. In our modeling of community devel- 
opment neither party can act unilaterally. 
Moreover, a more efficient solution than 
those employed by Edelson and White is for 
the developer and initial residents to co- 
Operate in period 2 in a situation where 
explicit monetary transfers between them 
can occur; for example, to set lot sizes where 
v,/0,=p as in equation (6). At v,/v,=p, in a 
lot sale, gross revenue over land opportunity 
cost, or consumer’s surplus, is maximized; 
or, equivalently, the sum of profits plus taxes 
(R,+4(2)l,—pl,) is maximized. Note, how- 
ever, even if period 2 cooperation yields 
v,/v,=p, there is still the bargaining prob- 
lem of the division of consumer’s surplus, or 
taxes plus profits, between the developer 
and residents to be solved. 

While it is possible for period 2 bargain- 
ing in an unplanned community situation to 
yield Pareto-efficient levels of period 2 vari- 
ables, it is an inferior solution to the planned 
community solution, as evaluated in period 
l by developers and initial residents. It is 
inferior because it creates uncertainty. Ini- 
tial residents and developers are uncertain 
as to whether g(2) and /, will be set in future 
bargaining at Pareto-efficient levels and as 
to future taxes and division of profits. Even 
if the expected values of g(2), /,, and profits 
are those in (6) and (5), by Jensen’s inequal- 
ity, risk-averse residents will be worse off 
from the uncertainty alone (see Section II 
where E[V(-)]< VUŤ, gt, E[l], E[s}, 
E[x,])=V). Moreover, risk-avoidance 
behavior may lead initial residents to move 
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l away from a Pareto-efficient level (see 
Part A of Section II). In short, the planned 
community solution has the advantage that, 
by shopping in the competitive development 
market in period 1, initial residents can find 
a binding contract that eliminates uncertain- 
ties and guarantees them their best alterna- 
tive utility level. 


3, An Illustration of a Solution: A Special 
Case 

Equation (5) is specified so it may appear 
that both period 1 and 2 entrants must face 
restricted alternatives (represented by © and 
V). However, that appearance would be 
misleading. It could be that community for- 
mation in period 1 is perfectly competitive, 
meaning that initial residents face an array 
of potential developments that can offer 
identical features, where given competition, 
some of these developers will end up with 
no communities at all in period 1. Suppose 
our community of N, residents that does 
form is the only community forming for this 
particular wealth-income group in the 
metropolitan, or subimetropolitan, area in 
period 1. This would occur, for example, if 
N, was large enough to meet threshold com- 
munity size requirements in public service 
costs, but N,/2 was too small, so that two 
communities for N,-type people could not 
form. 

In period 2, potential residents with simi- 
lar incomes may face an entirely different 
choice situation. Suppose there are not 
enough of them to form a community of 
threshold size and hence their best alterna- 
tive is to join a community where the other 
residents have “substantially” different in- 
comes and lot size and public good de- 
mands.? This means that if all goods were 
sold at opportunity cost, period 2 entrants 
would be willing to pay a premium to live in 
our community, where the people are simi- 
lar to them. Thus, given ù, we expect R,— 
pl,>0, and the developer will make profits 


3Here we also can show that a second community 
formed out of N, plus some N, people is inferior to a 
single community situation due to scale economy prob- 
lems and the potential capital losses on fot sales of N, 
shifters who must be compensated for these losses if 
they are to move. 
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on period 2 land sales. In fact, as a general 
comment on the solution to (5), in any situa- 
tion R,—pl,>0 in order for the developer 
to be induced to carry out his period 2 
selling plans. 

Given, in period 1, that the various poten- 
tial developers recognize this future profit- 
able situation, they will compete for the N, 
initial residents so as to snare the develop- 
ment that forms and hence actually get the 
profits. The key to formation is attracting 
period 1 entrants. This attraction involves 
lowering period 1 prices. At the limit such 
competition would lower the equilibrium R, 
and raise V until P.V.=0, so that R, —p(i+ 
D)l,= —(R2—pl,)N,D/N, and R,—p(i+ 
D)I, <0, implying that future land sale prof- 
its are transferred to initial residents.* Thus 
specifying V does not imply restricted al- 
ternatives; and sales to period 1 entrants 
may be at a profit or a loss. (Finally in 
terms of the issue of whether the farmers 
who sold their land to developers originally 
get some of these profits, they do not if 
either the developer foresees that P.V.=0 or 
suburban farm land is in sufficient supply 
that it does not warrant a scarcity premium 
in its residential use.) 

In this illustration, community formation 
has been perfectly competitive, but estab- 
lished growing communities have had some 
degree of monopolistic power. This may 
seem a strong characterization, but it is con- 
sistent with the literature. In Hamulton’s 
article communities form in a competitive 
situation; whereas in White or Edelson they 
grow in a situation where the array of com- 
munities that additional residents face is 


‘There is a technical problem here. If the pot of 
future profits is fixed and if the actual number of 
period | entrants (n,) is set below N,, the pot is divided 
among fewer people, benefiting those who actually get 
in. Then the determination of n; becomes a complex 
bargaining problem, in terms of specifying a stable 
solution. To avoid this we could assume that 
g(1)dce/dN, <0 and of sufficient magnitude to make it 
beneficial to admit all N, people to lower fiscal costs 
despite the increased number of shares in profits. In 
part this problem arises from truncating a multiperiod. 
model into two periods. We want period 1 to end and 
period 2 to start at that point in time when the com- 
munity has sufficient public service scale economies 
and characteristics to have established its monopolistic 
position. 
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strongly ordered in terms of public service 
levels offered (Edelson), so that established 
communities have some degree of monopo- 
listic power vis-à-vis some potential en- 
trants. Moreover, the monopolistic power 
characterization has logical appeal. For 
example, if entrants in both periods 1 and 2 
effectively face perfectly competitive situa- 
tions where second-period entrants can also 
form their own community at the same op- 
portunity costs, period 1 and 2 entrants 
would never even be willing to live together 
unless they had identical public good and 
housing demands. If they can buy at oppor- 
tunity costs, neither would experience be- 
nefits from joint consumption and there 
would be no basis for growth within the 
same community. Thus the whole intertem- 
poral problem really involves assuming that 
period 2 entrants face restricted alternatives 
and hence generally pay premiums above op- 
portunity costs. 

However, it should be added that, to en- 
sure equilibrium solutions where later en- 
trants may pay-higher effective per period 
land rents than initial residents, we must 
assume either that entrants in period 2 are 
“new to the world” or that, if they are not 
new, they must accept this type of intertem- 
poral price discrimination. They cannot 
make contracts in period 1 with the devel- 
oper or some subset of initial residents and 
farmers. By not allowing subletting, we gen- 
erally rule out the most likely arrangement, 
whereby a future resident would buy a lot in 
period 1 and sublet it to farmers until period 
2. Later in Section II when I introduce 
uncertainty, ruling out these possible 
arrangements follows more directly. With 
uncertainty, in period 1 before the state of 
nature in period 2 is known, potential future 
entrants may face a variety of metropolitan 
and-submetropolitan areas as potential loca- 
tions for period 2. Then even small transac- 
tions costs or costs of making contracts rule 
out their making arrangements with all the 
potential communities they might end up in. 


4. Additional Considerations 
There are a number of loose ends that 
need to be discussed. It has been assumed 
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that period 2 entrants are identical. If they 
differ and if developers can price dis- 
criminate perfectly among types of entrants, 
then in an equilibrium solution each type of 
entrant has a land consumption condition of 
vi/vi=p in (6) and an adjusted Samuelson 
public service condition applies to the com- 
munity. If developers cannot price dis- 
criminate perfectly for either information or 
institutional reasons, our solutions are al- 
tered in ways discussed in my 1978 paper, 
pp. 36-38. There remains the question of 
how many of these differing period 2 en- 
trants should be admitted. The Kuhn-Tucker 
conditions on this question indicate that the 
ith type of entrants should be admitted if 
their gross revenue to the developer and 
community (R,;+7(2)/;) exceeds their gross 
opportunity cost ( pl, +cg(2)). Note this con- 
dition states that, even if land sales are 
profitable (R;—pl;> 0), if fiscal losses (4(2)/; 
—cg(2)<0) are sufficiently large, the devel- 
oper-initial resident contract will not allow 
sales to the ith type of entrant because the 
P.V. of profits will fall as R, declines (for a 
given V) with increases in the ith type of 
entrant in period 2. This condition also ap- 
plies for the same reason when residents are 
identical so that R,—pl,+1(2)l,—cg(2) 20. 

There are two potential problems in 
achieving the solutions. Both involve how 
much knowledge it is reasonable to endow 
on the participants. First in the solutions, 
the choice variable /, is specified on the 
basis of an opportunity cost of lots whereas 
the gross price to residents reflects oppor- 
tunity costs, taxes, and profits. Left on their 
own to determine lot sizes, period 1 resi- 
dents would choose to alter lot sizes until 
V,/ V, equaled this gross price. To prevent 
this problem of people attempting to “free 
ride” by lowering land consumption to re- 
duce tax liabilities, the lot sizes proposed by 
the developer in period | must be fixed at 
the level satisfying V,/V.=p(1+D)/D and 
residents offered the efficient all or nothing 
choice of gross price and /,. This is a familiar 
problem analyzed by Hamilton. In terms of 
how developers know the lot size where 
V,/V,=pU+D)/D since it would not be 
revealed in the housing market by marginal 
consumer choices, Hamilton’s answer would 
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be that, given a costless tatonnement pro- 
cess, potential developers experiment re- 
peatedly with various /,,/,, g(1), g(2) com- 
binations until the optimal combination 
is revealed and shown experimentally to 
dominate all other combinations. 

The second information problem con- 
cerns how the developers in period 1 know 
the R, function of later entrants so as to set 
l, and g(2). This is more difficult to handle 
conceptually. The R, function cannot be 
revealed experimentally in period 1; and 
thus a knowledge of R, implies a knowledge 
of future entrants preference functions as 
well as incomes, alternative living condi- 
tions, etc. One possible way around this 
problem that does not generally affect the 
results is to assume that developers are risk 
neutral, percerve some distribution of possi- 
ble R, functions, and act upon expected 
values (see Section II). 

Finally, note that in equation (6) there is 
no presumption as to whether 

hh 

If it is efficient that /,>/,, then period 2 
entrants are a fiscal burden, because they 
pay less than average taxes for the commun- 
ity-wide per person provision of 2(2). Initial 
residents would agree to such an arrange- 
ment providing V was achieved; and the 
developer would find it profitable to lower 
l, below /, to satisfy v,/v,=p so as to maxi- 
mize the P.V. of profits by trading off (as in 
all situations) ¢(2) and R, reductions against 
R,—pl, increases. 


B. The Self-Development Model 
and Solution 


There is another efficient development 
arrangement, which I label the self-devel- 
opment solution, that yields solutions identi- 
cal to the planned community solution. If 
initial residents act collectively, they can 
buy all vacant land from the developer in 
period 1, set /, so v,/v,=p in period 2, and 
split period 2 profits amongst themselves. 
Then the problem becomes one of initial 
residents maximizing utility, given a pur- 
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chase price S they each pay to the developer 
for both their own land plus their share in 
the community ownership of vacant land. 
The purchase price § is defined to be that 
part of the price above opportunity costs. 
(By assumption opportunity costs on vacant 
land can always be recovered.) For their 
share in vacant land, each initial resident 
will collect in period 2 a share in land sale 
profits equal to N,(R,—pl,)/N,. Thus ini- 
tial residents seek to maximize 


(7) 
y= v(x (1), D- (W, —x;(1)-p(1 +D), 


—cg(1)— Di, g(2)a/b 


~S +DN (R, -ph,)/N,), g(1), g(2), l) 


R, is defined in equation (4) and the first- 
order conditions for this maximization prob- 
lem are the same as in equation (6). If § is 
such that V=V and equations (6) are satis- 


fied, then all variables have the same values . 


as in the previous maximization problem. | 
The S$ will equal P.V./N, in equation (5). 
The presumption is that the developer will 
charge S to initial residents when selling 
them his land, so as to reduce them to T. 
Note in the special case discussed earlier 
where development is “perfectly” competi- 
tive § will be zero, or the developer (who 
could be a group of farmers) holding the 
land will be forced to sell at opportunity 
cost., 

The only potential efficiency advantage 
of the planned community solution is that it 
does not require the community to organize 
and to actively take over the entrepreneurial 
role of developer. In the planned commun- 
ity solution, the developer performs all func- 
tions and the community has only to moni- 
tor compliance with the contract. While the 
community could simply hire the developer 


as a manager, they would have to monitor 


his activities to ensure that not only were 
quantities set correctly, but that efficient 
prices were charged. Secondly, considerable 
group decision making is required. 
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H. Community Characteristics under 
Uncertainty 


To introduce uncertainty, I assume that 
the number of period 2 entrants is a random 
variable N(@), whose actual value is deter- 
mined by the state of nature in the economy 
and metropolitan area. The community and 
developer perceive the same distribution 
function for N(@), where for all 0, we as- 
sume 0< N(@)<N,. An uncertain N(@) has 
a direct impact on the period 2 tax rate, or 
t(2) = g(2)c(N, + N(9))/(,N, +1,N(@)), so 
that in period 1 the community’s future fis- 
cal position is uncertain. An uncertain N(@) 
also makes future land sale profits (R,— 
P2!,)N(@) an uncertain magnitude in period 
i. Under uncertainty the /, and g(2) that are 
best in period 2 will vary with the state of 
nature because as N(@) varies, the Samuel- 
son condition determining 2(2) consumption 
is altered. As g(2) varies, the optimal /, will 
also vary. 

The introduction of uncertainty eliminates 
any possible equivalence of the planned, 
unplanned, and self-development situations 
presented above. The planned situation from 
Section I involves making choices concern- 
ing period 2 lot sizes and public service 
levels before the state of nature and the 
optimal /,, g(2) combination in period 2 are 
known. Risks are shared, with the commun- 
ity bearing risks on the fiscal side in terms 
of any fiscal surplus or deficit connected 
with period 2 entrants (t(2)/,—cg(2))N(@) 
and with the developer bearing risks in terms 
of the magnitude of future profits. In con- 
trast to the planned situation, in the self- 
development situation in Part B, Section I, 
period 2 choices do not need to be made 
until the state of nature and the optimal 
1,,g(2) combination are known. However, 
the community, since it owns all land, bears 
the risk of both uncertain land sale profits 
and fiscal surpluses or deficits. 

Uncertainty also alters the criteria for 
choosing lot sizes and public service levels, 
to include considerations of risk reduction 
and shifting. In particular, in a planned 
community situation, the community will 
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tend to either a large or small lot zone to 
shift risk to the developer.” 

In the analysis below I will generally as- 
sume that the developer is risk neutral and 
initial community residents are risk averse. 
(V(-) was assumed in Section I to be strictly 
concave.) This juxtaposition could reflect 
either taste differences and the entre- 
preneurial spirit of the developers, or wealth, 
shareholder composition, and portfolio dif- 
ferences in the case of large land develop- 
ment companies. It is an assumption typical 
of the contract literature (see Shavell, Baily, 
and Azariadis). Let us now turn to a formal 
analysis and comparison of the different 
routes for community development. 


A. The Planned Community Solution 


I first examine how the developer’s maxi- 
mization problem is altered under uncer- 
tainty. The implicit utility function of resi- 
dents is altered so that V—£E[V(x,(), 
D- (W, ~x\(1)— R, — (41) + DtQ2))/,), 801), 
g(2), /,)|=0; or substituting in for 7(1) and 
(2) from equations (1) and (2) V- 
E[V(x,(1), D7 (W, —x,(1I)— R, —cg(1)— Dl, 
8(2) a/b), 2(1), g(2),/;)]=0, where a=c 
(N, +N(@)) and b=/,N, + 1,N(0). By 
application of the implicit function theorem 
there is a function 


(8) R,(x,(1), (1), (2), l lz; 


V,W,, N,N, gp...) 


OR, /dm= —(9E[ V(-)]/am)/ 
(dE V(-)]/9R,) 
m=x,(1), g(1), g(2), h; h 


where, for example, 0R,/0/, = DE[V,]/ 
ElV,|-ElV, Dl,N(8)g(2)a/b?]/E[V,); Ñ is 


5For an analysis of other contracts under uncer- 
tainty, see A. Michael Spence and Richard Zeckhauser 
and Shavell on insurance, Stiglitz on share cropping, 
and Baily and Azariadis on employment. 
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the vector of N(@)’s and g the corresponding 
vector of probabilities (alternatively, the N 
and density functions may be specified as 
continuous). The R, value implied by o— 
v(¥2 — R, — 1g(2)a/b, g(2), 1;)=0 now 
varies with the state of nature as N(@) 
varies. Because the variation in N(@) varies 
i(2) and the tax liabilities of period 2 en- 
trants, the amount they will pay to the de- 
veloper, R, for any v and /, varies. Thus 


(9) 
R,=R,(8(2), 4,45; ¥, 8, N(8),.--) 
dR,/dIm=(d0/dm)/(—dv0/dR3), 
m=g(2), 11, 


Then, for example, 0R,/0/,=1,N,8(2)a/b’. 
The risk-neutral land developer or land 

development corporation maximizes the 

present value of expected profits where 


all 8 


(10) P.V.=N,(R,—p(1+D)),) 
+ DE| N(@)(R,—pl,) | 


Note this specification assumes either that 
community land area can be costlessly set 
sufficiently large in period 1 te accommo- 
date all possible numbers of future entrants, 
or that period 2 annexation is costless. If 
community size is fixed in period | because 
there is an increasing opportunity cost of 
land, the basic impact on the results is to 
alter any expressions incorporating the op- 
portunity cost of land and to raise the possi- 
bility under uncertainty that in some states 
of nature some future potential entrants will 
be excluded. 

Before proceeding with maximization of 
(10) under uncertainty, I must first specify 
the nature of the contract in a planned 
community situation. I will assume that the 


It will be generally assumed that period 2 entrants’ 
alternatives represented by 6 do not vary with 8. This 
assumption is only for expositional purposes and its 
relaxation is straightforward. If we do allow for this 
possibility, it is convenient to assume that the variation 
in 0 with @ is never so great that R.—p!.<0 for some 
8, in which case in period 2 the developers would not 
admit these residents. 
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developer-resident contract in period 1 fixes 
i, and g(2) at one value regardless of the 
state of nature in period 2.’ However, this 
contract is dominated by two other hypo- 
thetically possible contracts. First, /, and 
g(2) could be predetermined but they could 
be contracted to depend on the state of 
nature, varying as the actual outcome of 
N(@) varies. Since this is an unconstrained 
version of our basic solution, it dominates it. 
I do not specify a state of nature dependent 
contract as the basic contract, simply be- 
cause. it does not seem to be in practice 
legally feasible. Zoning laws are not speci- 
fied so that lot sizes are contingent on the 
state of nature. However, it is a useful 
benchmark that will be commented on again 
in this section and analyzed in footnotes. 
The second dominant, hypothetical con- 
tract is one where the community avoids 
risk entirely by contracting out its period 2 
tax powers to an insurance company or a 
(risk-neutral) developer who would then be 
responsible for providing a predetermined 
level of public services for a fixed tax rate. 
Again because of legal and institutional 
constraints, I do not specify a contract that 
fixes both future taxes and per person public 
services as the basic contract. That is, in 
practice the political-fiscal process cannot 
be entirely removed from the public sector. 
However, if tax powers could be contracted 
out to insurance companies or risk-neutral 
developers, this type of solution dominates 
any other solution. For example, if /, and 
g(2) are predetermined and fixed as in the 
basic contract, given the values of /,, x,(1), 
g(1), g(2), and /, which are chosen in period 
1, then from the wealth constraint in period 
2 only x,(2) varies with N(@) as taxes vary 
with N(@). If, in contracting out tax powers, 
1,1(2) is set equal to /, E[#(2)], x) would 
equal E[x,(2)]; and for the same consump- 
tion of other goods, from Jensen’s inequal- 
ity, initial residents would potentially be 


7David Cass pointed out to me that an alternative 
which is possible legally in some communities is to fix 
t(2) and hence x,(2), leaving g(2) to vary so that it 
satisfies the community budget constraint. Depending 
on the specification of the utility function this could be 
a better alternative for initial residents. This type of 
“Proposition 13” possibility is also obviously relevant! 
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better off. This would allow the developer to 
raise R, and increase his profits while main- 
taining V. If g(2) and J, are predetermined 
but vary with the state of nature, precisely 
the same arguments apply if /,t(2) is set 
equal to /, E[¢(2)], holding /,, x,(1), and g(1), 
and the g(2), /,, combinations unchanged.’ 

Keeping in mind these two dominant hy- 
pothetical contracts, let us proceed with the 
analysis of a planned community where 
there is a standard implicit or explicit con- 
tract. The size of /, is fixed in period l at 
one value by zoning regulations and g(2) 
also is fixed at one value by regulations or 
laws setting pupil-teacher ratios, park area- 
population ratios, capacity requirements, etc. 
The community’s taxes are adjusted in 
period 2 to balance its budget. 

In maximizing (10), because /, and g(2) 
are constrained to one value, for period 2 
entrants, x, is fixed (given a fixed ov). For 
period 1 entrants as stated above, only x,(2) 
varies because /,, x,(1), g(1), and g(2) are all 
predetermined. First-order conditions yield 








(11) AOL Cojo, —p) 
a g(2)i, N(0)a (V. ~E[V. 1) 
EV] L be 9 * 


8For our argument to hold the insurer must have 
nonnegative profits. To show that our situation is such 
that this will be the case, assume the insurer is the 
developer. The developer’s expected period 2 profits 
are unaffected by offering insurance. Thus we must 
show that 


E[N(9)(R2—pl2)] = E[ N(9)( R3—pl)] 


+E[ Ni +/.N(8)} E[t(2)] -ELN +. N(8))1Q)] 


The left-hand side is his original expected profits. The 
right-hand side is his new expected land sale profits 
plus expected tax revenue minus expected expenditures 
(given for each @, g(2)c(2)(N, + N(@)) = (Ny, + 
NCD At. We know for both equilibria 0=v(y — 
Ro ~ l t(2), g(2), l2) = o(y ~~ R$ ie 1, Eft], g(2), l). 
Therefore, for each 8, R3=R2+/,t(2)—1,E[t,]. Sub- 
stituting into the above expression, we see the left-hand 
side equals the right-hand side. 
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E[ V] _ p(i+D) 
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E| v] 
(13) 9/oE[ MO) ]+ SN, 
~e (N, +E] N(4)]) 


-_ LN, 
«ELK, ] 


(14) £[0V/dg(1)]/E[V,]—¢/D=0 


E| $(V,-E[¥,]) |>0 


Starting with equation (11), to evaluate 
the right-hand side we must evaluate 
E[N(0)(a/b?\(V, —E[V,]}]. This can be 
written as cov[N(@)a/b*,V.J=E[(N(8@)a/ 
b?— E[N(0)a/b?])(V,—E[V,])|. We know 
that if N(@)a/b* and V, are both strictly 
increasing or decreasing functions of N(@), 
the covariance is positive. If one is strictly 
increasing and the other strictly decreasing, 
it is negative.” N(@)a/b? is a strictly increas- 
ing function of N(@) (given N(@)< N, and 
assuming /,<3/,). Given concavity, V,-in- 
creases (decreases) if period 2 disposable 
income decreases (increases) with N(@), 
which occurs when /, >[<]/,. If 1, >[<]é,, 
period 2 disposable income falls (rises) be- 
cause future entrants are a fiscal burden 
(benefit) and increases in their number 
necessitate increases (decreases) in period 2 
tax rates to finance a fixed per person con- 
sumption of g(2). Thus if /,>(<)Jl,, the 
covariance is positive (negative); and the 
right-hand side of (11) is negative (positive). 


°This may be proved by noting that in the covari- 
ance expression since E[(N(0@)a/b? — E[N(@) 
a/b7})E[V,]]=0 we may replace E[V,,] by any con- 
stant. Pick the value V.(8@*) which is the value of V, at 
the N(@*) where N(0*)a*/b*?=E[N(0)a/b7]. Then 
both parts of the covariance expression have the same 
crossover, or zero, N(@#). Thus if both parts are either 
increasing or decreasing for each N(@), the covariance 
is the product of two either nonnegative or nonpositive 
magnitudes, so that the covariance is positive. 
Otherwise, it is negative. 
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In summary, 


< >)\_ 
(11’) o/o] = Josa] g ha 
> 


< 


Thus we have the following result, by 
diminishing marginal rate of substitution 
properties. Under uncertainty in a planned 
community situation, for a given g(2), lot 
sizes of future entrants are not fixed at a 
level where consumer surpluses extracted are 
maximized. If 1,<1,, lot sizes are reduced, or 
“underzoned,” relative to the level where v,/v, 
=p. If l, >l, they are increased or 
“overzoned.,”’ | 

The explanation for the policy is as fol- 
lows. Suppose /, </,, so that future entrants 
generate a. fiscal surplus, and /, is reduced 
relative to the level where v,/v,=p. Reduc- 
ing /, reduces taxes of entrants and in- 
creases R, for a given v. At the same time as 
l, falls, (2) rises, which decreases R, the 
developer can charge initial residents given 
V. Thus in terms of initial residents, by 
lowering R,, the developer is increasing 
current certain benefits (represented by 
g(2)l,E[N(@)a/b*] on the right-hand side 
of (11)) while reducing /, and future uncer- 
tain fiscal gains to initial residents (rep- 
resented by 9(2)/, E[V,N(0@)a/b*]/E[V,] on 
the right-hand side of (11)). Since for risk- 
aversion reasons, initial residents prefer cer- 
tain to uncertain gains, as /, is reduced 
initially the losses to the developer from 
reducing R, to maintain E[V(-)]=V are less 
than the gains from R, increasing. The 
limiting factor on this initially profitable 
trade of current for future dollars is that 
period 2 per person taxes plus profits de- 
cline as /, moves away from a level where 
v,/ 0, =P. 

With respect to /,, since the right-hand 
side of (12) is the negative of the right-hand 
side of (11), we know!” 


(12) ELY;]/E[V.]-p(1+D) 


/>| E i 


10Suppose that instead of per person cansumption of 
public services (defined to be pure private goods) hav- 
ing to be fixed; total expenditures on a pure public 
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We have the same type of interpretation as 
to why /, is adjusted from a level where the 
“marginal rate of substitution,” measured 
by E[V,]/E[V.], equals p(1+D)/D. The lot 
size J, is reduced when /, >/, and increased 
when /, </,, for g(2) and period 1 consump- 
tion levels held fixed. (However, E[V,]/ 
E[V_] equals the marginal rate of substitu- 
tion for a situation where, say, income is 
random but prices (land taxes) are fixed, so 
no risk premium is attached to particular 
goods. Here the marginal rate of substitu- 
tion is really defined by E[V,]— EIV, 
(—0x,(2)/0/,)]=0.) 

To the extent that comparisons are mean- 
ingful, we can say that relative to a situation 
where E£[V,J/E[V,]—p(l+D)/D=0 and 
v,/0,=p, for 1,21, the effect of introducing 
tax uncertainty is to reduce the differential 
between /, and /,, by increasing /, and de- 
creasing /, when /,</, and vice versa when 
1,>1,."! This reduction in the differential 
between /, and /,, or “under-” and “over-” 
zoning of lot sizes, reduces the magnitude of 
possible future fiscal gains or losses, and 
hence reduces the risk to initial residents . 
associated with the financing of public 
services. Also note that this same type of 
result holds in the hypothetical contract 
where /, and g(2) are predetermined but 
vary with the state of nature.!? 


good have to be fixed. Then all additional residents 
represent a fiscal gain, regardless of lot size, since they 
contribute something to cover fixed expenditures. In 
that case it can be proved that v,/v,—-p>0 and 
E(V;/E\V,]—pU+D)/D<0. 

1!For /, and /, to be set so that E[V,]/E[V,]~pU+ 
D)}/D=0 and V,/V,,=0, we could have t(2) set so that 
t(2)=E[g(2)a/b] and have had wealth varying “ran- 
domly” so that in equilibrium it precisely equals W, + 
E[!,9(2)a/b]~1,g(2)a/b. Then the budget constraint 
reads W,(@) — x;(1) ~ x,(2D — eg (1) — R; ~ LDE 
[g(2)a/b]=0. To examine the effect of introducing risk 
premiums (ie., the right-hand side of (12)) into the 
problem, we differentiate E[V,]/E[V,]—pU+D)/D= 
0. For small changes in /, and /, from equation (12) 
for, say, 1,;</, we have, with the introduction of risk 
premiums, E[V,]~!£[Vy—2p(1+D)/DV;, + (p+ 
D)/D)°*V,,,]dl,;<0. This uses the fact that from the 
original budget constraint 3x,(2)/0/,;=—p(1+D)/D 
and dx,(2)/dl, im E[N(0)(0;/», —p)|/N= 0. Given 
concavity of V, di, >0. The analysis of dl, and the case 
of changes in /, and /, when /,>/, follows the same 
method. _ 

121f the predetermined /, and g(2) may vary with 
N(@), the risk premium, and hence the choice of /, and 
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For g(2) consumption, since the tax cost 
of g(2) is uncertain, g(2) carries a positive 
risk premium. Thus the developer will set 
period 2 public services below the level in- 
dicated by the relevant Samuelson condi- 
tion, given the social opportunity cost of 
public services, lot sizes, and period 1 con- 
sumption levels. The fact that the risk pre- 
mium on g(2) is positive may be demon- 
strated by noting E[(a/b)\(V,—E£ ID= 
cov[a/b,V,] and that both terms increase 
(decrease) with N(@) if 1, >(<)J,.° 

Note that in the discussions of changes in 
i, and 1, and g(2), consumption of other 
goods is always held fixed. In my system 
where the prices of three goods (/,, /,, and 
g(2)) change with the introduction of risk 
premiums, even if utility functions are addi- 
tive, in general, when considering simulta- 
neous changes in all goods, it is possible to 
make definitive statements about the abso- 
lute direction of change of only one of the 
three goods. Partly for this reason I do not 
present other comparative static results con- 
nected with changes in the degree of risk 
aversion or risk. Also the degree of risk 
aversion is not well defined for a utility 
function with more than two goods. Finally 
even if we measure risk as changes in the 
variance of N(@), the impact on the /, and /, 
risk premiums is unclear.’ 


g(2), will vary with the state of nature. For example, for 
I,, we have E[V,](v;/v,—p)= g(2)I,Nya/b? (E[V,]~ 
V.) for all N(@). For each @, /, is altered relative to an 
l, where v,/v,,—p=0 so as to optimally alter R, (repre- 
sented by g(2)i,N,a/b? E[V,.]) which is paid before 
N(0) is known, relative to taxes (represented by 
2(2)1,N,(a/b2)V,.) which are, assessed after N(@) is 
known. 

13Not surprisingly, since the risk of holding g(2) is 
related to the variability of taxes, the risk premium on 
g(2) is related to the general risk premium 7 in the 
problem, where ~ is defined by V(E[x,(2)|~7; 
x1(1), 8(1), 82), 11) =ELV(x4(2); xD, 801), 82), 4). 1 
q is small and V is approximated by a quadratic, the 
left-hand side in the definition is commonly approxi- 
mated by V—7zV, and the right-hand side by V+ 
(V,,./2) vat[x,(2)] (see John Pratt). Simplifying and 
solving we get 7=(1/2)(— V,,./V,.) var[/,g(2)a/6). For 
g(2) the aa side of (13) is approximated by 
N,/8Q)(—Vix/V.)ELZ 8(2)?(a/b— E[a/b})*}. Thus, 
the risk premium on g(2) per initial resident is 2r /g(2). 

14On defining risk aversion with many commodities, 
see Richard Kihistrom and Leonard Mirman. The 
problem is that a proper definition of an increase in 
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I have two final comments. The altering 
of /, and /, to shift and reduce risk occurs 
because public services are financed by 
property taxes. If user financing was possi- 
ble, the analysis would not be applicable. 
Secondly, my results are similar if develop- 
ers are also risk averse. However, when the 
developer is risk averse, he prefers certain 
profits today to uncertain profits tomorrow. 
Thus 7, will be overzoned for some values 
when /, </, as well as when /, >/, so as to 
increase future taxes of period 2 entrants 
and raise the (certain) R, initial entrants will 
pay (see my 1978 paper). 


B. The Self-Development Situation 


In this situation, the community buys all 
land in period 1 and is thus free to set /, and 
g(2) unilaterally in period 2. Hence the com- 
munity can wait to set /, and g(2) until the 
state of nature is known. As in Section I, in 
period 2, prices and quantities are set so as 
to -extract the full consumer’s surplus of 
entrants above land opportunity costs. This 
surplus is broken into taxes collected and 
pure profits N(@)(R.,—pl,) which are split 
equally among initial residents. As ex- 
plained before, for the right to self-develop 
the community must pay the developer (or 
farmers) a sales price § to cover expected 
profits (given V and v). 

Then the community’s optimization prob- 
lem becomes to maximize 


(15) E| V(x,(1), D-'(W—x,(1) 
—p(1+D)l,—cg(1)—S—Dl,g(2)a/b 


+ DN(0)(R,—pl,)/N,), g(1), (2), 1) | 


where /, and g(2) will vary with the state of 
nature. This yields the following relevant 


risk aversion is V*=k(V) where V(*) is the old 


(new) utility function and k’> 0, k” <0. For more than 
two goods, this definition does not translate into a 
simple measure of the degree of risk aversion. With 
respect to changing the variance of N(@), the impact on 
the /, and /, risk premiums is unclear since it raises the 
probability of both low and high fiscal losses (or gains). 
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first-order conditions 


(16) o,/v,-p=90 forall 
v,/v,,N(8) T Viel VN, 
=c(N,+N(0)) for all 8 


E(V,]/E[V,]—p(1+D)/D=0 


These results have two implications. First 
as observed above, in contrast to the planned 
community situation, the maximal amount 
of consumer’s surplus per lot can be ex- 
tracted in each state of nature as 9(2) and /, 
are varied optimally. On the other hand, risk 
to community members cannot be mitigated 
and is borne entirely by them, no longer 
being shared with the developer. Residents 
now bear the risk of both uncertain future 
profits and. uncertain future tax revenues. 
Thus while a potential gain in this situation 
is increased revenues from period 2 en- 
trants, there is a loss from the inability of 
risk-averse residents to share risk. 

In comparing the planned community and 
self-development situations, one cannot be 
shown to dominate the other.’ However, 
dominance can be demonstrated under par- 
ticular circumstances. 

First, it should be intuitively obvious that 
if initial residents are risk neutral there are 
no benefits from risk sharing. Thus there are 
only losses in the planned community rela- 
tive to the self-development solution from 
fixing /, and g(2) prior to knowing the state 
of nature. Therefore, a primary basis under 
uncertainty for a planned community solu- 
tion is risk aversion. 

Secondly, there is one other particular set 
of circumstances where self-development 
definitely dominates the planned commun- 
ity solution. In fact, it can even dominate 
the planned community solution when /, 
and g(2) are contracted to be dependent on 
the state of nature. This may be counterin- 
tuitive since if /, and g(2) can vary with the 
state of nature in a planned community, 
planned community solutions should dom- 
inate self-development since they involve 
risk sharing. However, there is one situation 
where risk sharing is disadvantageous to the 
community. 


3See my 1978 paper for a general comparison. 
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Suppose /,>/,, so that future residents 
represent a fiscal loss to the community. Of 
course for these residents to be admitted at 
all, from Section I, R,—pl,>0 and R,+ 
t(2)l, — pl, —cg(2) 20. The community 
agrees to admit these people because the 
developer lowers R, initially to compensate 
initial residents. But it means that in period 
2 the community faces uncertain losses. 
However, under self-development since the 
community collects all period 2 revenue, 
although entrants represent fiscal losses, 
their overall profitability (R,+7(2)/,—pl,— 
cg(2)) is positive. Thus self-develop- 
ment involves uncertain gains. In my 1978 
paper, it is shown that if the possible fiscal 
losses are large enough relative to the over- 
all profitability of period 2 entrants, then 
self-development dominates the planned 
community solution. 

This can be-illustrated with a simple ex- 
ample. Suppose there are only two, equally 
probable, states of nature, where N(1)=0 
and N(2)=N,. When N(2)=N,, the land 
sale profit on later entrants above taxes and 
opportunity costs (a total of N,(R,—pl,)) is, 
say $m per initial resident; whereas, given 
l >l, and NQ)=N,, the fiscal loss on later 
entrants per initial resident (/,g(2)a/b— 
cg(2)) is, say, $n where m—n>O. In the 
planned community case solution given the 
efficient /¥, /[, g*(1), g*(2) and x7(J), ex- 
pected utility is (1/2)V*(B;...)+(1/2)V* 
(B—n;...) where B=D {W —x,(1)—cg(1) 
— Rf —cg(2)D). For the self-development 
case, suppose we restrict self-development 
to these values of /f, /$, g*(1), g*(2) and 
xf(1) which obviously biases the compari- 
son against self-development. Secondly, we 
assume developers are paid an S so that 
they are indifferent between solutions. Thus 
S=m/2. Then expected utility is (1/2)V° 
(B~m/2;...)+(1/2V (B+ m/2—n;...). 
Doing a Taylor’s series expansion about B 
for both functions it can be shown that 


E[V*]-ELV] = 4 Fa m (n—5m )) 
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Thus self-development dominates if possible 
fiscal losses (n) are large relative to overall 
profitability of future entrants. 


C. The Unplanned Community 


In the first section of the paper, we saw 
that an unplanned community solution in- 
volved a period 2 two-party bargaining 
situation between the developer and initial 
residents over zoning laws, public service 
levels, and division of taxes and land sale 
profits. It was noted that even if explicit 
costless transfers are possible between the 
two parties, which may be quite unlikely, it 
can be argued that the bargaining solution 
will set variables at Pareto-efficient levels as 
in equation (6). But there is still the problem 
of dividing up the consumers’ supluses ex- 
tracted from future entrants. This problem 
of uncertain division of uncertain profits 
derived from variables whose level may be 
uncertain, even given the state of nature, 
suggests that an unplanned community 
would not be a dominant situation for risk- 
averse people. However, an unplanned com- 
munity solution does allow L, and g(2) to 
vary with the state of nature (unlike the 
planned solution) and does involve risk 
sharing with the developer (unlike self- 
development). Therefore, it is not really pos- 
sible to make definitive general statements 
concerning which is the dominant situation. 


Ii. Extensions 


In this paper I have investigated the types 
and specifications of contracts and arrange- 
ments that are likely to arise in new com- 
munities. The results are also applicable to 
established communities. Here we would 
model how existing residents deal with 
potential growth in their population, in terms 
of setting zoning laws and selling develop- 
ment rights. If it is assumed that the devel- 
opment rights can be sold, with the devel- 
oper making payment in kind in terms of 
providing public services for new residents 
(roads, sewers, sidewalks, etc.) and services 
for old residents (parks, shopping centers, 
etc.), we have a transfer mechanism between 
the developer and old residents. A well- 
defined cooperative bargaining situation 
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could result in lot sizes and public services 
being set at optimal consumption levels; 
and the bargain would determine the divi- 
sion of profits that are extracted from new 
residents, or the price the developer must 
pay for development rights. 

The question is whether the sale of zoning 
laws and development rights will occur be- 
fore or after the state of nature is known. As 
before, this involves two main considera- 
tions. The argument for predetermination is 
that, if residents are risk averse and develop- 
ers effectively risk neutral, predetermination 
will enable initial residents to sell develop- 
ment rights for some percent of expected 
future profits before the state of nature is 
known and avoid the risk connected with 
variations in future profits. The argument 
against predetermination is that it involves 
fixing lot sizes and future public services 
before the state of nature and their optimal 
combinations are known. 
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Racial Trends in Male Labor Force Participation 


By DONALD O. PARSONS* 


In recent decades, the labor force par- 
ticipation rate of black adult males has fal- 
len sharply. Over the period 1954-76, the 
rate of nonparticipation of black males 45— 
54 years old has more than doubled, in- 
creasing from 6.8 to 16.6 percent. Among 
black males 25—44, the nonparticipation rate 
rose over the same périod from 6 to almost 
10 percent. The nonparticipation rate for 
white males also rose systematically, but in 
much smaller increments. Among whites, 
nonparticipation rose from 3.2 to 7.5 per- 
cent for those 45—54; from 2 to 4 percent 
for those 25-44. Trends in male nonpar- 
ticipation in the United States by race and 
age are reported in detail in Table 1. 

Beyond generating general social concern, 
this large exodus of black males from the 
labor force has negative implications for the 
apparent convergence of market earnings by 
race.! The recent findings of Smith and 
Welch (1978) that the ratio of black to white 
wage and salary earnings among those who 
are in the labor force has risen from .59 in 
1955 to .73 in 1975 is sharply reduced if 
adjusted for the adverse trend in black labor 
force participation.? This adjustment con- 


*Professor of economics and research associate, 
Center for Human Resource Research, Ohio State Uni- 
versity. This research was supported by the Employ- 
ment and Training Administration, U.S. Department of 
Labor; the National Center for Health Services Re- 
search, U.S. Department of Health, Education and 
Welfare; and the Ohio State University Computer 
Center. James Brown and Stephen Cook provided ex- 
cellent research assistance. 

1For other analyses of trends in the ratio of black to 
white earnings, see James Gwartney, Richard Freeman, 
Finis Welch, and James Smith and Welch (1977). For a 
review of racial differences in wages at a point in time, 
see the literature cited by Ray Marshall and by Stanley 
Masters. 

2The two labor force participation concepts (Smith- 
Welch and the Bureau of Labor Statistics (BLS)) are 
not identical since Smith-Welch define “workers” as 
anyone who worked last year while the BLS uses a 
survey week concept. For older workers, at least, the 
differences are small, since about 80 percent of all 
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verts earnings per worker into earnings per 
capita, potentially a more meaningful mea- 
sure of the ability of blacks to earn income 
in the market. Indeed, adjusting for the dif- 
ferential trends in labor force participation, 
the rise in the black-white earnings ratio is 
reduced by almost 50 percent.? The trend 
also aggravates earnings inequality within 
racial groups as the fraction of blacks who 
receive no earnings and the average earn- 
ings of those who receive some earnings 
both continue to rise.* 

Identification of the source of the growing 
difference in black and white labor force 
participation rates is clearly. of considerable 
social importance. Are the large differences 
in market behavior among black and white 
males the result of relatively straightforward 
differences in economic incentive between 
the two groups, or the result of deeper, or at 
least less well understood, social forces? My 
1980 paper has estimated substantial disin- 
centive effects of Social Security disability © 
benefit levels on male labor force participa- 
tion behavior.” In this paper, I explore the 
hypothesis that the larger withdrawal of 


workers out during the survey week were out during the 


entire preceding year. See my 1979b paper. 

3Specifically 44 percent. The civilian labor force 
participation rate of males 16 years of age or more 
dropped from 85.0 to 71.5 percent for blacks, and from 
85.4 to 78.7 percent for whites over the period 1955-75. 

‘Smith and Welch (forthcoming) analyze equality of 
earnings within racial groups for males in the labor 
force. The inequality discussed here, it should be 
stressed, is of earnings, not income. Since public trans- 
fers have been rising over this period, the effect on 
income of this participation trend is obviously at- 
tenuated. The bias toward earnings increases among 
highly schooled blacks, noted by Smith and Welch over 
the period 1960-70, also works toward greater inequal- 
ity of earnings. The schooling bias in the black-white 
earnings ratio is less obvious in data Smith and Welch 
present for the period 1967-74. 

>See Peter Steiner and Robert Dorfman, Richard 
Barfield and James Morgan, Michael Boskin, Boskin 
and Michael Hurd, Richard Burkhauser, and my 1978 
paper for analyses of the related retirement decision. 
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TABLE 1—- RATES OF MALE NONPARTICIPATION IN THE CIVILIAN 
LABOR FORCE BY AGE AND Race, 1954—76 


25-34 
Year Black White 
1954 3.7 2.5 3.4 
1955 4.2 2.2 3.8 
1956 3.8 26 3.8 
1957 ~ 3.9 2.8 3.5 
1958 a AY 2.8 . 3.6 
1959 3.7 25) :., 4.2 
1960 3.8 2.3 4.5 
1961 4.1 2.3 5.2 
1962 ° 4.7 2.6 5.5 
- 1963 5.1 2.6 5.1 
1964 4.1: 2.5 5.6 
1965 . 43 2.6 l 5.8 
1966 - 45 — i: an 5.9 
1967 4.5 2.5 6.4 
1968 5.0 ~ 2.8 6.6 
1969 ‘5.6 3.0 73 
1970 6.3 3.3 6.8 
1971 7.1 37 8.0 
1972 7.3 4.0 8.6 
1973 8.3 37 | 8.7 
1974 7.7 3.7 9.1 
1975 86. 4.2 10.0 
1976 . 94 4,1 94 


Black 


35—44.: 45-54 
White - - Black White 
1.8- 6.8 3.2 
17 5.8 3.3 
L9 5.6 3.2 
20 65 3.4 
2.0 © 61 ` -: 34 
2.0 a 3.7 
2.1 7.1 . 39 
2i. 7.7 4.1 
2.1 7.8 4.0 
22 8.9 3.8 
2.4 8.4 3.9 
23 8.0 4.1 
2.4 9.3 4,2 
2.3 87 4.4 
2.4 ' 99 4.6 
2.6 10.5 49 
2:7 118 5.1 
3.0 “AG «= 32 
3.0 13.9 = 60 
3.2 12.0 65 
33 15.3" 70 
3.6 "15.4 71 
4.0 16.6 . tS 


Sources: U.S. Bureau of Labor Statistics, Handbook of Labor Statistics, Table 4, 1975, 


and Table 4, 1977. 


blacks results from the differentially large 
effect of the increasingly generous and pro- 


gressive structure of Social Security benefits 


on workers with the least favorable labor 
market opportunities. 

This paper proceeds as follows. In Section 
I, the interrelationship between labor force 
participation and the Social Security. disabil- 
ity program is discussed. Then in Section H, 


a model of labor ‘force participation is - 


estimated using data from the National 
Longitudinal Surveys of older males. This 
allows an examination of racial differences 
in the determinants of labor force participa- 
tion. Finally in Section III,. the cross- 
sectional model is put to the difficult test of 
“predicting” > Jabor force participation of 
prime age. males. by race over the period 
1958-76. 


I. The Labor Force Participation Decision 


The sharp decline in ađult male labor 
force participation among both blacks and 


whites has coincided with a rapid expansion 
of the Social Security disability program. 
From its creation in mid-1957, the program 
has grown to the point that almost 3 million 
disabled workers were paid Social Security 
benefits in an average month in 1977. Appli- 
cations and enrollments in the program in- 
creased rapidly in the last decade. Given the 
absence of evidence’ on any corresponding 
increase in the incidence of poor health in 
the population, the expansion of the system 
must résult from a social decision. In this 
section I discuss a number of economic fac- 
tors which will influence the (simultaneous) 
decision to leave the labor force and apply 
for Social Security disability benefits.° 

The severe restrictions placed on qualifi- 
cation for Social Security disability. benefits 
would seem to eliminate choice. The defini- 
tion of a qualifying ER is “the inabil- 


6A more formal model can be found in my'1980 
paper. 
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ity to engage in any substantial gainful ac- 
tivity by reason of any medically determina- 
ble physical or mental impairment which 
can be expected to result in death or which 
has lasted or can be expected to last for a 
continuous period of not less than 12 
months” (Social Security Administration, p. 
98). The difficulty of accurate diagnosis of 
health status, however, particularly when the 
subject is potentially uncooperative or even 
dissembling, apparently injects considerable 
uncertainty into the qualification process 
and introduces the possibility that unquali- 
fied individuals will be accepted into the 
program. 

From the individual viewpoint, the prin- 
' cipal cost of the program is the foregone 
earnings of any “substantial gainful employ- 
ment” he might otherwise obtain. In the 
early 1960's, earning as little as $100 per 
month was evidence of the capability to 
undertake substantial gainful employment. 
Monthly earnings of $50 to $100 were held 
to be ambiguous in that regard, requiring 
further study before eligibility could be 
established. Since there is a five-month wait- 
ing period before benefits could begin (six 
months during the sample period of the data 
analyzed below), the applicant must incur a 
significant period without (observable) earn- 
ings even should benefit status ultimately 
not be granted. The probability of appli- 
cation denial is not small. In 1975, 60 per- 
cent of all “initial determinations” on disa- 
bility applications were denials.’ 

The individual’s decision to seek Social 
Security benefits is a gamble in which the 
applicant foregoes market earnings in order 
to obtain a chance to acquire rights to a 
flow of future welfare payments under So- 
cial Security. The higher the ratio of Social 
Security benefits to market wages, the more 
attractive the gamble and presumably the 
greater the likelihood the individual will 
choose to play. The opportunity to earn 
unreported income also increases the likeli- 
hood of applying for disability benefits and 
correspondingly reduces measured, if not 
actual, labor force participation. 

Other factors also influence the appeal of 
the Social Security program. The worse the 


7See Ralph Treitel. 
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individual’s health condition, the more likely 
is approval of the application and again the 
more attractive the gamble. The laxity or 
strictness of the qualification screen will also 
influence the expected returns to applying 
for benefits. Howard Marvel reports on evi- 
dence of the importance of dental probabili- 
ties on application rates. 

The Social Security benefit schedule is 
sharply progressive. The level of basic ben- 
efits per month in 1966 (the date of the 
sample) was $44 per month for all disabled 
workers whose covered monthly earnings 
(computed under a complex, historically 
based formula) were less than $70. Benefits 
rose by 63¢ per month for each $1.00 in 
average monthly earnings between $70 and 
$110. For each dollar of earnings above 
$110 until the covered earnings limit was 
reached ($400), benefits increased by 23¢. 
Market earnings above the Social Security 
tax ceiling yielded no additional benefits. 
To the extent labor force participation is 
affected by the ratio of Social Security 
benefits to market wage rates, demographic 
groups such as black males with low average 
market earnings will be differentially af- 
fected by the progressive benefit structure 
of the Social Security disability program. 
Whether this critical difference in economic 
position is capable of explaining all or even 
a substantial portion of the difference of 
black and white male labor force participa- 
tion remains to be established. 


II. Race and Labor Force Participation: 
A Cross-Sectional Model 


In this section I report on a cross-sectional 
analysis of the determinants of labor force 
participation which provides considerable 
insight into the sources of racial differences 
in this critical economic variable. The data 
set which will be used to estimate the labor 
force participation model is the older men’s 
sample of the National Longitudinal Surveys 
(NLS), a ten-year panel survey of males 
45-59 years of age in 1966, the initial year 
of the survey. This national survey of 


8The study by Herbert Parnes et al. includes an 
extensive discussion of the data, including survey tech- 
nique and an overview of the results. 
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5,000 individuals systematically oversam- 
pled black households so that approximately 
30 percent of the sample is black. Sample 
means and standard deviations of important 
variables are reported in the Appendix. 

The discussion of the labor force par- 
ticipation model in the last secticn suggests 
that economic factors as well as health con- 
ditions will influence the labor force par- 
ticipation decisions of both blacks and 
whites. The economic factors included in 
the model are the Social Security replace- 
ment ratio (the ratio of potential benefits to 
market wage rate), the ratio of general 
welfare availability in the local area (states) 
to the individual’s wage rate, and the frac- 
tion of weeks the worker was unemployed in 
1965. Since individuals currently out of the 
market are less likely to report a current or 
last wage rate or respond to a question on 
unemployment last year, wage and un- 
employment functions were estimated and a 
predicted value assigned if the variable was 
not reported. The precise structure of these 
functions can be found in a data appendix 
available from the author. The wage rate is 
a function of age, schooling, occupation of 
last job, race, and region; the unemploy- 
ment index is principally a function of oc- 
cupation and industry of last job. Efforts to 
correct the wage estimates for censoring bias 
using procedures suggested by James Heck- 
man indicated that censoring was not a 
problem— perhaps because of the relatively 
small part of the sample which was censored. 
The potential Social Security benefit mea- 
sure is constructed from the wage measure, 
using standard Social Security benefit tables 
(see the Appendix below for details). 

The measurement of health condition is a 
difficult but important task. As I have dem- 
onstrated in my 1979b paper, self-reported 
health measures common to most large-scale 
labor market surveys are seriously biased 
for this group since an otherwise healthy 
individual who decides to leave the labor 
market has an incentive to declare himself 
in poor health in order to be eligible for 
consideration for disability benefits. The 
panel aspect of the NLS provides, however, 
an indirect measure which is objective, 
mortality experience subsequent to the 
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period of analysis. In particular, mortality 
dummies are introduced into the model of 
labor force participation for year of death if 
the respondent died during a particular in- 
terval between interview dates. 

In column (1) of Table 2, probit estimates 
of the likelihood that an individual is in the 
labor force in the survey week in 1966 are 
reported. The health variables have a 
powerful effect on labor force participation. 
Even individuals who die seven to nine years 
after the sample period (MORT 73-75) have 
a significantly lower labor force participa- 
tion rate than do those who survive for at 
least ten years (the base group). Those indi- 
viduals who die earlier than seven to nine 
years have sharply lower participation prob- 
abilities. 

The estimated coefficients of the eco- 
nomic variables all have the expected signs 
and are statistically significant. The Social 
Security measure is powerfully and signifi- 
cantly negative. At the point of means of 
the independent variables, the elasticity of 
nonparticipation with respect to the Social 
Security replacement ratio is 1.8. A 10 per- 
cent increase in potential benefits relative to 
the wage rate will induce an 18 percent 
increase in nonparticipation. Both the level 
of general welfare payments and the likeli- 
hood of being unemployed have statistically 
significant negative effects on labor force 
participation. 

Perhaps most importantly, the coefficient 
of the racial dummy (one if black, zero 
otherwise) is not only statistically insignifi- 
cant, it is virtually zero in magnitude. The 
gross difference in participation in this sam- 
ple between races is 4 percent (94.5 percent 
for whites, 90.4 percent for blacks), a highly 
significant difference given the large sample 
size. Controlling for economic circumstance 
and health conditions, however, apparently 
eliminates any systematic difference in be- 
havior between the two racial groups. 

For convenience in later estimation and 
projection, a single mortality index is then 
constructed using a weighted average of 
these seven dummies where the weights are 
the coefficients of the dummies in the model, 
normalized by the coefficient on the labor 
force participation effect of death between 


ri 
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TABLE 2--~- THE LABOR FORCE PARTICIPATION OF MALES 
45-59 In 1966, Propir ESTIMATES 
(1) (2) (3) 4 
Constant 4.725 4.725 3.918 3.336 
` (12.23) (12.24) (10.81) (7.37) 
Black?” 0.008 0.008 ` —0.255 0.194 
(0.11) (0.11) (4.20). (2.54) 
Price Variables 
SSB/ W” —0.018 — 0.0180 —0,0104 
(7.14) (7.17) (3.66) 
WEL/W — 0.0049 —0.0049 — 0.0045 
(1.99) (1.99) (1.74) 
URS . —0.911 —0.911 —0.723 
(5.25) (5.26) (4.00) 
Demographic . 
MORT 66-67° — 1.124 
(6.31) 
MORT 67-68 —0.737 
(4.12) 
MORT 68-69 — 0.869 
(5.80) 
MORT 69-71 —0.765 
(6.15) 
MORT 71-73 — 0.656 
(5.18) 
MORT 73-75 —0.346 
(2.51) 
MORT 75-76 —0.126 
(0.63) l 
Mortality! — 1.124 — 1.153 = 1.060 
; (11.24) (11.84) (10.20) 
AGES , — 0.0393 — 0.0393 ~0.041.° —~0.0345 
l (5.52) (5.53) (6.03) _ - (4.65) 
SCH® |. 0.047 
(4.36) 
MARRIED' l 0.388 
aon i (2.71) 
MARRIED*SCHW3 ` 0.0118 
P o. (0.88) 
BLUDUM* l n ~—0.170 
Tn T . D (2.16) 
log of Likelihood ` —1022 —1022 | =—1078 = 955" 
Sample Size . 4831 4831 4831 ' 4711 


Source: National Longitudinal Surveys. Note: Absolute values of asymptotic t-ratios in 
parentheses. Dependent variable is one if respondent was in labor force in survey 
week, zero otherwise... . 

s Dúmmy equal to one if raċe black, żero otherwise.- 

; >The ratio of potential Social Security benefits to the were wage rate (see the 
Appendix). 

©The ratio of local welfare to the hourly wage rate (see the Appendix). 

d Fraction of year unemployed in 1965 (see the Appendix). 

*Dummy equal to one if respondent died between 1966 and 1967 surveys, zero 
otherwise. 

{An index of poor health constructed from mortality coefficients in col. (1) with 
coefficients normalized by coefficient of mortality in first interval (MORT 66-67). See 
text and also fn. 9. 

® Age in years. 

hY ears of schooling completed. 

‘Dummy equal to one if married, spouse present, zero otherwise. 

JYears of schooling completed by wife times MARRIED. 

k Dummy equal to one if occupation is blue collar. 
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1966 and 1967, the first (attempted) reinter- 
view date.? The model is reestimated using 
the single mortality index in column (2), 
Table 2. Because of the nature of the mor- 
tality index construction, the coefficients 
estimated for all variables other than health 
will be unchanged (except for incidental 
rounding error in the index). The model 
reported in column (2) will be referred to 
below as the price model. 

The question arises whether the gross dif- 
ferences in labor force participation are 
solely the result of racial differences in 
health status or are, in fact, induced by 
differences in the economic circumstances 
of the two groups. In Table 2, column (3), 
I report probit estimates of labor force par- 
ticipation, excluding the price variables (So- 
cial Security benefits, welfare, and un- 


employment experience). Both health (as: 


measured by the mortality index) and age 
have powerful negative effects on labor force 
participation. Controlling for these factors, 
however, does not eliminate the systematic 
facial difference in behavior. The black 
coefficient remains negative and strongly 
significant. At the mean values of the in- 
dependent variables, the state of being black 
still involves a reduction in labor force par- 
ticipation of 2.3 percent. 

In Table 2, column (4), I report on probit 
estimates of the price model, augmented by 
a number of socioeconomic variables, in- 
cluding marital status, schooling of respon- 
dent and of his wife (if married), and a 
dummy if the individual’s current or last job 
was manual (blue collar). Controlling for 
these factors results in a positive and signifi- 
cant estimate of the black coefficient. Black 
adult males are more likely than white to be 
in the labor force, ceteris paribus. Participa- 
tion is higher if the individual is highly 


*Specifically the mortality index is 


Mortality = MORT 66-67 + 0.656 MORT 67-68 
40.773 MORT 68-69 + 0.681 MORT 69-71 
+-0.584 MORT 71-73 +0.308 MORT 73-75 
+0.112 MORT 75-76 


where MORT is a dummy equal to one if the individual 
died between the two reference dates, zero otherwise. 
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TABLE 3—- LABOR FORCE PARTICIPATION OF MALES, 
45—59 in 1966, BY Race Prosir ESTIMATES 


Black White 
l 2 
Constant 4.264 4.925 
l (6.47) (10.16) 
Price Variables 
SSB/W — 0.0183 ~ 0.0197 
(4.41) (6.15) 
WEL/W —0.0168 0.0164 
(4.71) (2.62) 
UR —0.304 _ = 1.336 
(1.12) (5.78) 
Demographic 
Age — 0.0275 ` == 0.0450 
(2.27) (5.06) 
Mortality — 1.194 — 1.093 
(7.33) (8.53) 
Log of Likelihood —365 ~ 639 
Sample Size 1385 3446 


Source: See Table 2. Note: Absolute values of asymp- 
totic f-ratios are in parentheses. Variables are defined 
in Table 2. 


schooled and married with spouse present, 
and lower if he is (or was) in a manual 
occupation. Since older blacks are overrep- 
resented in the low-schooling, unmarried, 
and manual occupation groups, the reason 
for the reversal is transparent. Controlling 
for these additional demographic variables 
reduces somewhat the estimated Social 
Security effect. The estimated elasticity of 


. honparticipation with respect to the Social 


Security to wage ratio is 1.0 at the point of 
means of the independent variables. 

The important finding that average racial 
differences in labor force behavior are 
eliminated when differences in the economic 
circumstances of the two groups are recog- 
nized bears further attention. To determine 
whether the responsiveness of blacks and 
whites to the economic variables is also the 
same, the price model (Table 2, col. (2)) was 
reestimated separately for blacks and whites. 
The results are reported in Table 3, columns 
1 (blacks) and 2 (whites). 

Although ‘differences exist, the similarity 
of the two models is clear. The important 
Social Security coefficients are quite close, 
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— 0.0183 and — 0.0197 for blacks and whites, 
respectively. Racially separate estimates of 
the demographic model (Table 2, column 
(4)), not reported here, yield a similar find- 
ing (-—0.011 and -0.0107 for blacks and 
whites, respectively). 

The age and health coefficients are also 
similar. The unemployment effect on labor 
force participation, however, is substantially 
lower for blacks. The reason this 1s so is not 


clear. The only coefficient to differ qualita- . 


tively is the welfare index coefficient. While 
strongly negative, as expected, for blacks, 
the coefficient is not only positive but statis- 
tically significant for whites. That blacks 
should be more sensitive to welfare levels is 
moderately easy to believe (it may simply 
reflect a curvilinearity in effect); that whites 
should respond positively is more difficult 
to understand. 

The overall impression, however, is one of 
similarity and not difference. In the next 
section I report on projections over time of 
the labor force participation model shown 
in Table 2. 


II. Trends in Nonparticipation 


Since the objective of this study is the 
explanation of recent increases in nonpar- 
ticipation in the labor force among prime 
age males, particularly black males, the 
question naturally arises whether the model 
estimated above “predicts” recent trends in 
nonparticipation. In this section, I will pro- 
ject expected nonparticipation rates for the 
NLS sample over the period 1958-76 using 
the 1966 estimated labor force participation 
model and then compare these projections 
with actual labor force behavior by this 
group. The correspondence, or lack thereof, 
of the projections and actual behavior will 
provide a powerful test of the validity of the 
underlying model. 

The analysis will focus on projecting the 
trend in nonparticipation of males 45—54 in 
‘the sample and comparing that series with 
the BLS series for blacks and whites 45-54. 
The year 1958 was the first full year of the 
Social Security disability program. The disa- 
bility program became available to workers 


PARSONS: LABOR FORCE PARTICIPATION 917 


50-64 in mid-1957; to workers of all ages in 
late 1960.!° 

The ability to “explain” time-series trends 
is, of course, a difficult test for any cross- 
sectional model. The effects of factors which 
are constant at any point in time but vary 
over time cannot be estimated in a cross- 
sectional analysis. In the present case, the 
relative severity of the medical determina- 
tion of disability under Social Security is 
one potentially important factor that may 
be reasonably uniform at a point in time yet 
vary significantly over time (see Marvel). 
Second, the cross-sectional analysis is as- 
sumed to be estimated on a sample in long- 
run equilibrium and therefore provides no 
information on the adjustment lags of be- 
havior (in this case, labor force participa- 
tion) behind changes in market conditions. 

Time-series projections were constructed 
over the period 1958-76 in the following 
fashion. Individuals 45-54 in 1966 were as- 
sumed to have behavioral patterns specified 
by the simple price-health model of labor 
force participation reported in Table 2, col- 
umn (2). Among the independent variables, 
age is held constant since I wish to char- 
acterize the behavior of individuals of given 
age. Trends in the remaining independent 
variables were constructed in the following 
way. For mortality, welfare, wage rates, and 
unemployment, the base year (1966) values 
were adjusted for each individual by trends 
in closely related, consistent series. The wage 
rate for each year for a given individual, for 
example, is his 1966 wage rate times the 
ratio of personal per capita income in the 
year in question to personal per capita in- 
come in 1966. Potential Social Security ben- 
efits were estimated using the projected wage 
in the appropriate formula for Social Secur- 
ity benefits during the year. The nonpar- 
ticipation estimates and the underlying data 
series are available upon request from the 
author. 

The projected nonparticipation rates for 
blacks and whites are compared in Figure 1 


0The model fails in the period 1954-57, prior to the 
Social Security disability program. In particular, white 
nonparticipation is predicted to be virtually zero. 
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FIGURE 1 


with the actual nonparticipation ratzs. The 
correspondence is striking. For blacks, the 
projected rate rises from 6.0 percent in 1958 
to 18.8 percent in 1976, the actual rate rises 
from 6.1 to 16.6 percent. For whites, the 
projected rate rises from 2.8 to 10.0 rercent, 
the actual from 3.4 to 7.5 percent. 

The projections deviate from the actual 
trend at two different points. The vrojec- 


tions jump sharply in 1961, the first year _ 


following the expansion of the prag-am to 
cover workers of all ages (workers 45-49 in 
this sample). Secondly and importantly, the 
model overpredicts in the last two years, 
1975 and 1976, reflecting the large increases 
in Social Security benefits relative to market 
opportunities. This suggests either a lag in 
response or more likely that the estimates of 
the Social Security effect are too high. A 
similar trend analysis using the full demo- 
graphic model (Table 2, column (4)) under- 
estimates the recent rise in labor force par- 
ticipation. This would indicate that the So- 
cial Security coefficients of the two models 
(with implied nonparticipation elastict-ies of 
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1.8 and 1.0) provide reasonable upper and 
lower bounds for the actual value. 


IV. Conclusion 


The differentially large decline in labor 
force participation of prime age males is an 
obvious source of social concern, both be- 
cause of its negative effect on the attain- 
ment of racial equality of earnings and be- 


~ cause of the undesirable consequence on 


earnings equality within racial groups. Iden- 
tification of the source of this trend is an 
obvious first step in determining the broader 
significance of this trend. In this paper I test 
the hypothesis that the increasingly gener- 
ous and increasingly progressive structure of 
Social Security benefits has affected blacks 
differentially since they are overrepresented 
among prime age males with low wage 
potential. 

A multivariate analysis of labor force par- 
ticipation of males 45-59 in 1966 confirms 
this conjecture. The ratio of potential Social 
Security benefits to the market wage has a 
large estimated effect on the participation 
decision. For the average individual in the 
sample, a 10 percent increase in benefits 
without a corresponding rise in wage rates 
will induce a 10—18 percent rise in nonpar- 
ticipation. Moreover, controlling for dif- 
ferences in the generosity of welfare relative 
to market opportunity eliminates any statis- 
tically significant differences in the par- 
ticipation rates of black and white males. 

To test the validity of the model as an 
explanation of behavior over time, nonpar- 
ticipation rates of males are projected over 
the period 1958—76 using the cross-sectional 
model. These projections correspond closely 
with actual rates over this interval. For black 
males 45-54, actual nonparticipation in this 
sample rose from 6.1 to 16.6 percent over 
the period. Using the estimated model in 
which blacks are distinguished from whites 
only by their less favorable economic posi- 
tion, the rate would have been expected to 
rise from 6.0 to 18.8 percent, given trends in 
Social Security, earning power, etc. For the 
white sample, nonparticipation rose from 
3.4 to 7.5 percent while the estimated model 
predicted a rise from 2.8 to 10.0 percent. 
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The conclusion is that the decline in labor 
force participation, particularly among 
blacks, is the result of increasingly attractive 
alternatives to work. The differentially large 
decline among blacks is due simply to their 
relatively poor market alternatives and the 
increasingly progressive structure of Social 
Security benefits. From a positive viewpoint, 
one would predict that if wage rates for 
blacks and whites do ultimately converge, 
their labor force participation behavior will 
converge as well. 


DATA APPENDIX 
A. Construction of Variables 


Social Security Benefits. This variable rep- 
resents potential monthly Social Security 
benefits should the individual qualify as dis- 
abled. I use a measure of monthly wages 
(more precisely hourly wages in 1966 ad- 
justed upward by the growth in personal 
income per capita times 168 hours) as a 
measure of the individual’s average monthly 
earnings and use a 1966 benefits table to 
compute a potential Social Security benefits 
measure. ‘Since wages have risen over the 
work lives of these individuals, this wage 
was adjusted downward over the calculation 
period for covered wages (1955—66) by the 
growth in per capita personal income to 
determine an appropriate covered wage. 

Welfare Benefits. The welfare benefits to a 
nonparticipant in the work force vary widely 
from locality to locality and state to state. A 
state index was constructed for 1966 which 
reflects the generosity of the state’s welfare 
programs. The measure is the number of 
dollars of public assistance (general assis- 
tance plus Aid to Families with Dependent 
Children) paid in each state per family be- 
low the poverty line of $3,000. 

Wage Rates and Unemployment. When 
wage rate and unemployment data were not 
available for individuals, an estimated value 
. was constructed from regressions which in- 
cluded age, schooling, race, and occupation 
and industry of last job. The estimated mod- 
els are available from the author. 
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B. Means and Standard Deviations of Varia- 
bles in the Labor Force Participation Model 
(Table 2, cols. (1) and (4)). 


Variable Mean Standard Deviation 
LFP1966 0.934 0.248 
Black 0.282 0.450 
SSB/W 46.50 14.00 
WEL/W 11.32 10.51 
UR 0.036 0.129 
MORT 66-67 0.012 0.110 
MORT 67-68 0.014 0.119 
MORT 68-69 0.020 0.141 
MORT 69-71 0.033 0.178 
MORT 71-73 0.032 0.177 
MORT 73-75 0.035 0.185 
MORT 75-76 0.019 0.138 
Mortality 0.0908 0.227 
AGE $1.50 4.26 
SCH 9.35 3.90 
MARRIED 0.874 0.332 
MARRIED*SCHW 9.02 4.46 
BLUDUM 0.633 0.482 
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Increasing Downside Risk 


By C. MENEZES, C. GEISS, AND J. TRESSLER* 


It has now been firmly established in the 
literature that individuals generally avoid 
situations which offer the potential for sub- 
stantial gains but which also leave them 
even slightly vulnerable to losses below 
some critical level. This kind of behavior, 
aversion to downside risk, has been ascribed 
to a disaster avoidance motive. Robert 
Lanzillotti’s study of pricing objectives in 
large companies, Richard Rosett’s work on 
call options, experimental investigations by 
C. H. Coombs and D. G. Pruitt, Robert 
Masson’s data on peasant farming in 
Mexico, and James Mao’s (1970b) survey of 
the attitudes of business executives to in- 
vestment options, all attest to the signifi- 
cance attached to downside risk in choice 
situations.' Despite this, no general char- 
acterization of the notion of downside risk 
has been provided in the literature. Prevail- 
ing studies have focused mainly on two kinds 
of measures of downside risk. Probability 
loss measures, sometimes referred to as lower 
partial moments, formulate downside risk as 
a probability-weighted function of devia- 
tions below some critical outcome, while 
skewness measures use the third moment of 
a distribution about the mean or another 
predetermined target.” The basic limitation 


*Professor and associate professor, University of 
Missouri-Columbia, and lecturer, University of Wai- 
kato, New Zealand, respectively. We are indebted to 
M. Proctor, L. Littlejohn, and a referee for valuable 
comments. 

1Other examples include Donald Simonson’s use of 
downside risk to explain the behavior of mutual funds 
and Roger Waud’s analysis of the importance of asym- 
metry in decision makers’ preferences for deviations 
above and below a chosen policy target. For a compre- 
hensive bibliography of the business and psychology 
literature relating to downside risk, see Robert Libby 
and Peter Fishburn. 

*Fishburn’s recent paper contains a survey and a 
general formulation of probability loss measures. Clay- 
ton Alderfer and Harold Bierman present experimental 
evidence of the importance of skewness. Skewness has 
also been used in discussions on the demand for money 
(see, for example, John Hicks and S. C. Tsiang), port- 
folio selection (Giora Hanoch and Haim Levy), and 
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of these formulations is that they lack a 
satisfactory choice-theoretic foundation and 
fail to distinguish increasing downside risk 
from other characteristics of distributions, 
for example, riskiness. 

These studies and measures suggest that 
the intuitive notion of downside risk is con- 
cerned with the “placement” of risk in a 
distribution. One distribution is said to have 
more downside risk than another if it has 
more dispersion below a specific target or if 
it is more skewed to the left. The general 
notion of a pure increase in risk involves the 
spreading of*probability weight from the 
center to the tails of a distribution, and 
conversely, a decrease in risk would result 
from a contraction of probability weight. In 
this paper we provide a general characteri- 
zation of increasing downside risk by com- 
bining a spread and contraction of probabil- 
ity weight in such a way that together they 
result in an unambiguous transfer of risk 
from the right to the left of a distribution. ` 
Such a transfer does not change the overall 
“riskiness” of the distribution, but simply 
alters the placement of the risk. 

It is natural to expect an individual to be 
averse to downside risk if he is decreasingly 
risk averse. Such an individual can be viewed 
as one whose von Neumann-Morgenstern 
utility function u(-) has a positive third de- 
rivative. We show that one distribution is 
preferred to another by all downside risk- 
averse individuals if and only if the distribu- 
tions differ by probability transfer functions 
which unambiguously shift risk from the 
right to the left.? This equivalence provides 





capital asset pricing (Fred Arditti). For a recent treat- 
ment of skewness preference, see G. A. Whitmore 
(1975). Other examples of notions related to down- 
side risk are the early works of A. D. Roy and 
William Baumol and chance-constraint programming 
(see Abraham Charnes and William W. Cooper). 

3An important implication of this result is that it 
provides a general and intuitive interpretation of the 
sign of the third derivative of the utility function. The 
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a choice-theoretic foundation for our analy- 
sis. 

While these formulations are intuitive and 
have empirical relevance, they do not pro- 
vide a practical criterion to rank distribu- 
tions in terms of increasing downside risk. 
Accordingly, we formulate a third equiva- 
lent criterion which only uses simple proper- 
ties of distribution functions. This enables 
us to clarify the relationship between down- 
side risk and stochastic dominance rankings, 
and to show how existing parametric mea- 
sures are related to our analysis. 


I. Mean-Variance-Preserving 
Transformations: A Numerical Example 


We begin by illustrating how the intuitive 
notion of increasing downside risk can be 
expressed in terms of probability transfer 
functions. In an experimental investigation, 
Mao (1970b) questioned executives in eight 
medium and large companies in several in- 
dustries about their preferences between in- 
vestment alternatives such as those repre- 
sented by the following pair of risks: 


f(x) g(x) 
Pr{X=1}=3/4  Pr{X=0}=1/4 
Pr{X=3}=1/4  Pr{X=2}=3/4 


He found an unambiguous preference for 
risks like f(x) over g(x), a finding consistent 
with the results of many other empirical 
studies.* Since these risks have equal means 
and variances, preference for one over the 
other cannot be explained by mean-variance 
analysis. Mao and others interpreted this 
preference for f(x) over g(x) as evidence of 
the importance of downside risk and used 


usual justification for a positive third derivative is that 
it is a necessary (but not sufficient) condition for the 
risk premium to decrease with increasing wealth (de- 
creasing absolute risk aversion). A necessary and suffi- 
cient condition ‘for a positive third derivative can be 
stated in terms of the behavior of the preference inten- 
sity function as wealth increases (see D. L. Hanson and 
Menezes). Here we show the equivalence between the 
sign of u’’(x) and an individual’s preference for or 
aversion to downside risk. 

 4See Libby and Fishburn, pp. 279~86. 
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skewness or target semivariance to measure 
it. 

The comparative structure of such risk 
pairs provides the basis for a general char- 
acterization of increasing downside risk. For 
each specific value of x, the smaller disper- 
sion of f(x) below this value is exactly 
matched by its higher dispersion above it; in 
this sense f(x) can be said to provide better 
downside protection or greater potential for 
upside gain. The comparative structure of 
these risks is explicitly described by the 
function t(x)=g(x)—f(x). This function is 
an example of what we call a mean-vari- 
ance-preserving transformation (MVPT). 
The special properties of f(x) are now il- 
lustrated by showing how it can be ex- 
pressed as a combination of two simpler 
probability transfer functions, a mean- 
preserving spread (MPS) and a mean- 
preserving contraction (MPC). 

Consider the function s(x) shown in 
Table 1. It is an example of an MPS. Add- 
ing s(x) to f(x) spreads probability weight 
on the left of the distribution without chang- 
ing its expected value. The new probability 
distribution h(x)=f(x)+5(x) has the same 
mean as f(x) but is more risky. Now con- 
sider the function c(.x). It is an example of 
an MPC. Adding c(x) to h(x) contracts 
probability weight on the right of the dis- 
tribution without changing its expected 
value. The probability function g(x)=h(x) 
+c(x) has the same mean as A(x) but is 
less risky. 

It is apparent that g(x) can be obtained 
directly from f(x) by a combination of the 
spread and the contraction since g(x )=h(x) 
+c(x)=f(x)+[s(x)+c(x)]. The means of 
f(x) and g(x) are the same, and since the 
variance-increasing effect of the spread is 
exactly offset by the variance-decreasing ef- 
fect of the contraction, the variances are 
also equal. Because the impact of the spread 
is on the left of the distribution while the 
contraction affects the right, the net effect 
of the spread-contraction combination is to 
transfer dispersion from the right to the left 
for each value of x. Thus g(x) is skewed to 
the left while f(x) is skewed to the right. 
Earlier we used t(x)=g(x)—f(x) to de- 
scribe the comparative structure of this risk 
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TABLE | 

X=X: 0 ] 2 3 
F(x) 0 0.75 0 0.25 
s(x) 0.25 —0.50 0.25 0 
h(x) 0.25 0.25 0.25 0.25 
c(x) 0 —0.25 0.50 — 0,25 
g(x) 0.25 0 0.75 0 


pair and called it an MV PT. We have shown 
that #(x)=s(x)+c(x) is also a particular 
spread-contraction combination which when 
added to f(x) results in a new distribution 
g(x) with more downside risk. 

Thus the comparative structure of f(x) 
and g(x) captures the notion of increasing 
downside risk. To derive a criterion for de- 
termining whether one distribution has more 
downside risk than another, we now analyti- 
cally formulate the concepts of spreads, 
contractions and mean-variance-preserving 
transformations illustrated in this example. 
This criterion yields a partial ordering on 
the set of distributions in terms of greater 
downside risk. 


Il. Spread-Contraction Combinations 
and Increasing Downside Risk 


In their analysis of increasing risk, 
Michael Rothschild and Joseph Stiglitz de- 
fined a mean-preserving spread as any func- 
tion which, when added to a probability or 
density function, transfers weight from the 
center of the distribution to its tails without 
changing the mean. The analysis that fol- 
lows uses a generalization of the specific 
functional form used by Rothschild and 
Stiglitz to characterize an MPS. Let f(x) 
be any probability or density function.” A 
function s(x) is an MPS if it satisfies the 
following conditions: 


(1) f(x)+s(x)> almost everywhere 
(2) f 's(x) dx=0 


5Any economically meaningful distribution can be 
normalized to the unit interval. In what follows we 
consider distributions defined on [0,1]. 
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(3) f xs(x)dx=0 


<0 for xE[a,b] and 
<0 for some subinterval 
of [a,b], a,b€(0,1) 

>0forx€[a, b] 


(4) s(x) 


The first two conditions simply insure that 
s(x) is a probability transfer function, i.e., 
S(x)+s(x) is still a probability function. 
The third condition indicates that s(x) does 
not change the mean of f(x). Condition (4) 
characterizes the essential property of an 
MPS, the transfer of weight from the center 
to the tails of a distribution. 

The converse of an MPS is a mean- 
preserving contraction. We define it as any 
function which when added to a probability 
or density function shifts weight from the 
tails towards the center of a distribution 
without altering the mean. Formally, if f(x) 
is a probability function then c(x) is an 
MPC if (1), (2), and (3) are satisfied with 
c(x) substituted for s(x) and if 


> 0 for xE[d,e] and 


> 0 for some subinterval 
of [d,e], d,e&(0,1), 
<0 for x¢[d,e| 


(5) (x) 


Condition (5) characterizes the essential 
property of an MPC, the transfer of weight 
from the tails towards the center of a dis- 
tribution. 

The concept of a mean-variance-pre- 
serving transformation follows naturally 
from an appropriate pairing of an MPS and 
an MPC. Some additional notation and 
properties of spreads and contractions are 
required to define an MVPT. Let S(x)= 
fas(y) dy and S*(x)={3S(y)dy. The fol- 
lowing properties of S(x) and S*(x) are 
easily verified. 


(6) > §(0)=S(1)=0 


924 THE AMERICAN ECONOMIC REVIEW 


(7) There exists an x, in (a, b) 


such that S(x) >0 for all x <x, 


and S(x) <0 for all x >x, 
(8) : S*(x) 20 
(9) S*(0)=S*(1)=0_ 


Similarly, let C(x) = f¢c(y) dy and C*(x)= 
fo C(y) dy. The following properties of C(x) 
and C*(x) are also easy to verify. 

(6’) C(0)=C(1)=0 

(7) There exists an x, and (d,e) 


such that C(x)<0 for all x<x, 


and C(x) 20 for all x>x, 
(8’) C*(x) <0 
(9°) C*(0)=C*(1)=0 


We are now in a position to formally 
define an MVPT. In the example used in 
Section I, we paired an MPS and an MPC 
in such a way that the effect of the spread 
occurred before the contraction resulting in 
an MVPT which has the property that when 
added to a distribution it unambiguously 
transfers dispersion from the right to the 
left. This intuitive notion is analytically 
characterized by the following definition of 
an MVPT. A function f(x) is an MVPT if 


(10) t(x)=s(x)+c(x) 

(11) 
f Ta) dx= ['[8*(x)+0%(2)] dx=0 
0 0 


(12) f T*(y)dy> 0 for all x in [0,1] 


and >0 for some x in (0,1) 


The first condition states that t(x) does 
not alter the mean of a distribution; if g(x) 
=f(x)+t(x) then E,=E,=p. Given (10), 
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the second condition guarantees that adding 
t(x) to f(x) does not alter the variance. To 
show this integrate (11) by parts twice and 
use properties (6), (6’), (9), and (9’) to obtain 


f 'T*(x) dx=1/2 ['x7[s(x) +e(x)] ax 
0 0 


=1/2 f 'x?t(x) dx 


Since #(x) preserves the mean and fdx?t 
(x)dx=0 by (11), for any constant p, {d(x 
—p)*t(x) dx=0. Then as g(x)=f(x)+t(x) 
and p= E,=E,, it follows that 


(13) V= Vet | (xn Pex) de=V, 


Thus conditions (10) and (11) guarantee that 
adding ¢(x) to a probability function does 
not change the mean and variance. 

We now show that condition (12) char- 
acterizes the essential properties of an 
MVPT. When written as {fS*(y) dy > 
— {sC*(y) dy it states that for each x the 
impact of the spread is at least as great as 
that of the contraction. In this sense risk is 
transferred from higher to lower values of x, 
thus increasing downside risk. In conjunc- 
tion with (10) and (11) it is equivalent to the 
requirement that an MV PT transfer proba- 
bility weight in the form of dispersion from — 
the right to the left. To derive this interpre- 
tation of (12), rewrite condition (11) as 
feT*(y) dy = — [i T*(y) dy, or equivalently, 


(14) 

x 1 
[Ptr b= — fev) 
Condition (12) guarantees that the left-hand 
side of (14), and hence its right-hand side, is 


nonnegative for any x in [0,1]. As g(x)= 
f(x)+t(x) it follows that for each x 


[co —y)[a(y)-f(y) ] & 
= f (91 I0)-20)] dy >0 


SAn MVPT can also be defined in terms of spread- 
contraction combination in which the MPS comes ev- 
erywhere before the MPC. This makes the leftward 
transfer of risk even more transparent. 
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Thus adding ¢(x) to a probability function 
f(x) increases the dispersion below x and 
decreases the dispersion above x by exactly 
the same amount. This holds for all values 
of x. 

The roles of all three conditions used to 
define an MVPT can be summarized by 
noting that for each x 


(15) V+ (Ey-x)= f(x») 


+ f yfo) 


(16) 
V+ lE S= f y LF) #9) dy 


+ S æ LA) +10) ] & 


The left-hand sides of (15) and (16) are 
equal because of conditions (10) and (11); 
do =E, and V,and V,. Subtracting (15) from 

(16) gives (145, which by (12) is nonnegative 


for each value of x. We have shown that the 


conditions which define an MVPT create a 
new distribution which has at least as much 
dispersion to the left of any value of x, and 
greater dispersion for some values of x. 

These properties of MVPTs lead to a 
general definition of increasing downside 
risk. It is natural to say that one distribution 
has more downside risk than another if it 
can be obtained from the other by a se- 
quence of probability transfers which unam- 
biguously shift dispersion from the right to 
the left without chariging the mean and vari- 
ance. Such a definition formally captures 
the intuitive and empirically relevant no- 
tions of downside risk suggested in the liter- 
ature. 


DEFINITION:’ g(x) has more downside 
risk than f(x) if g(x) can be obtained from 
f(x) by a sequence of MVPTs, i.e., g(x)= 
F(x) + Bt (>). 


7In what follows the index i is an element of a 
countable set. 
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Since it is often difficult to determine 
whether one distribution can be obtained 
from another by a sequence of MV PTs, it is 
valuable to have an equivalent criterion to 
rank prospects using only simple properties 
of their distribution functions. In the theo- 
rem that follows, F and G are the distribu- 
tion functions corresponding to the pro- 
spects f and g. 


THEOREM 1: g(x) has more downside risk 
than f(x), i.e. g(x)=f(x)+2,t,(x), if and 
only if | 

(i) E,=E, 

(ii) fc (516) F(y)| dy dz= 


Git) fefol[GO)—- sg ey 0 for all x in 
[0,1] and >0 for some x in (0,1). 


PROOF: 

It immediately follows from the proper- 
ties of MVPTs (10), (11), and (12) that if 
g(x)=f(x)+E;t;(x) then (i), Gi), and (ii) of 
the theorem are satisfied. The proof of the 
converse, that (i), (ii), and (iii) imply that 
f(x) can be obtained from g(x) by a se- 
quence of MVPTs, is tedious and requires 
considerable additional notation. Thus it ts 
omitted.® 


We conclude this section by noting that 
the notions of increasing risk and increasing 
downside risk are conceptually distinct.’ 
Rothschild and Stiglitz’s general definition 
of increasing risk implies that if g(x) is 
riskier than f(x), 


] Zz 
f | [6)-F()] avaz>0 
o “0 
Thus, in view of (ii) of Theorem 1, g(x) and 


8The proof is a constructive process which isolates 
particular MV PTs and subtracts them from G(x)— 
F(x) until the difference is exhausted. It is available 
from the authors on request. 

*This distinction is in contrast to the approach of 
many authors who try to develop a risk construct which 
includes downside risk considerations. For example, 
see Harry Markowitz and Mao (1970a, b). However, the 
distinction between risk and downside risk is implicit in 
F. H. Hahn’s awkward statement “The ‘commonsense’ 
of these results is analogous to that of the familiar 
distinction between ‘gamblers’ and ‘insurers’ even 
though the utility function is strictly concave” (p. 23). 
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f(x) are noncomparable in terms of down- 
side risk. Conversely, if g(x) and f(x) are 
comparable in terms of increasing downside 
risk, they must be noncomparable in terms 
of riskiness. 


HI. Choice-Theoretic Foundations 


The results of the previous section show 
that there exists a transform, an MVPT, 
which unambiguously transfers risk from the 
right to the left of a distribution. Since the 
intuitive notion of downside risk is con- 
cerned with the placement of risk in a dis- 
tribution, we argued that it is natural to 
define an increase in downside risk in terms 
of a sequence of MV PTs. In this section, we 
provide a choice-theoretic foundation for 
this formulation of downside risk by char- 
acterizing the group of individuals that we 
would expect to be downside risk averse. 
We then show that unanimous preference 
by this group of individuals yields an equiv- 
alent definition of increasing downside risk. 

As an increase in downside risk involves 
the transfer of risk leftward in a distribu- 
tion, we would expect an individual to be 
made worse off by such a change if he is 
either decreasingly risk averse or has an 
increasing preference for risk. For these in- 
dividuals, increasing downside risk always 
transfers risk to a range of outcomes over 
which they are more risk averse, or prefer 
risk less. The preference-intensity function 
measures the individual’s preference for a 
surety equal to the expected value of a risk 
over the risk itself.’° Stone calls this func- 
tion the “generalized risk measure” while 
Milton Friedman and Leonard Savage inter- 
pret it as a measure of the disutility (utility 
for a risk preferrer) attached to a risky pro- 


spect. In terms of this function it would be . 


natural to define a downside risk averter as 


197 et w denote initial wealth and z, a random vari- 


able, be a risky prospect. The preference intensity func- 
tion o(w, z)=ulw+ E(z)]— Eu(w+z) is the utility dif- 
ference representing the strength of an individual's 
preference for the sure option w+E(z) over the risk 
w+z. This is an alternative to the more commonly used 
risk premium, defined by r(w,z)=w+E(z)— u” 
[Eu(w+z)]. For a detailed account of the relationship 
between o(w, z) and 7(w, z), see Bernell Stone. 
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an individual whose preference-intensity 
function is decreasing. An increase in down- 
side risk shifts risk to those outcomes for 
which the individual’s ‘disutility from risk is 
higher.'! Because the. preference-intensity 
function is decreasing if and only if mar- 
ginal utility is convex, the set of downside 
risk averters can be characterized as all indi- 
viduals whose von Neumann-Morgenstern 
utility functions have a positive third deriva- 
tive.!* Let 


(17) Us = (u(x): u(x) >0} 


An individual whose utility function belongs 
to Uf is downside risk averse. 

We now show that unanimous choice by 
all downside risk averters induces the same 
ordering of distributions as one based on a 
definition of downside risk in “terms of 
spread-contraction. combinations. Thus a 
definition of downside risk based on unan- 
imous choice by all downside risk averters is 
equivalent to one formulated using MVPTs. 


THEOREM 2: E,u(x) > E,u(x) for all u(x) 
in U¥ and F(x)# G(x) if and only if g(x) has 
more downside risk than f(x), i.e., g(x) and 
f(x) satisfy conditions (i), (ii), and (ui) of 
Theorem 1. 


PROOF: 

Suppose E,u(x) > E sul) for all u€ UF. 
We first show that this implies (i), (ii), and 
(iii). Consider the following „peir of utility 
functions in UF: uy =1/38x° +x and u,= 
1/30x? — x, where ĝ is a ‘positive constant. 
Integrating E,u—E,u-by parts, 


(18) E,u(x)—E,u(x) 
= f (x) G(x) — F(x) ] dx 


H Alternatively, for risk preferrers, risk is transferred 
to those outcomes for which” the individual’s utility 
from risk is lower. 

Tet A(w)=—u"(x)/u'(x) be the absolute risk- 
aversion function. The sign-of da(w,z)/dw is de- . 
termined by the sign of A’(w). Thus u(w)>0 is a 
necessary but not sufficient condition for the risk pre- 
mium to decrease as wealth increases. The equivalence 
between the sign of u’’(w) and dv(w, z)/dw has been 
shown by Hanson and Menezes. 
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so that 
I - 3 
E,u,—E,u,= Í (0x2+D[G(x)-F(x)] dx 


1 

E,u,— E,u,= f (0x?—1)[ G(x) —F(x)] dx 
0 

By our initial assumption, . 


¢ rin | Epu; EA 
= ['[G(x)-F(x)] dx>0 l 
an [ Epua Ema | 
= - f [6()-F@)] dx>0 


Thus: E,u—E,u>0 implies fo [G(x)— F(x)] 
dx=0, 1.e., that E;=E,, which is (i). 

To demonstrate (ii) consider another pair 
of utility functions in U*: u,=1/36x?+ 
1/2x? and u,=1/36x?—1/2x2. Integrating 
(18). by parts and employing: the fact that 
E t= E 


8g? š 
1 ; zZ 
= -f u’ (z) f [G(x)—F(x)] dxdz 
0 0 
It-follows that 


lim [ Epu, — Eu | 
z - f’ f TG) -F)] dxdz>0 
070 . 
im [ Epu4— Epua] 
= f f [e()-F(x)] dxdz>0 
0 “0 


or fo fg (G(x) — F(x)] dx dz=0, which is (ii). 
We prove (iii) by contradiction. Assume it 
is false. Then {i {?[G(z)—F(z)] dz dy <0 for 
some x, €[0,1]. By continuity, there exists 
‘an interval [a, 8] containing x, such that, 
So fg 1G(z) — F(z)] dz dy <0 for all x E[a, £]. 
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When (19) is integrated by parts and sim- . 
plified using (i) and (i), - 


E,u—E,u | 
1 x fy 
=f u” (x) f f [ G(z)—F(z) | dz dy dx 
0 0 “0 
For the following particular function in Uf, 


1/6x*. xE[a,ß] 


us(x)= on 
st zs hon otherwise _ 


lim [ Epus— Ets] 


= f f [6@)-FE)] ded ae<o 


which contradicts the original assumption of 
the theorem that E,u—E,u>0 for all u E UF. 
Moreover, . fo {9 [G(z) — F(z)] dz dy >0 for 
some x €(0,1) since G(x) F(x). . i 

The converse follows immediately by 
writing, 


E,u—E,u=u'(b) f PEG(z)-F(z)] dz 
—u"(b) f° {[G(2)-F(2)] ded 


+ fur ff’ Le2)-Fe)) dz dy dx 


Since u’’(x)>0, (i), (ii), and (iii) of Theo- 


. rem | ‘guarantee that E,u>E,u for all uE 


Us. This completes the proof. `` 


It is clear from the discussion above, and 
the intuitive notion of downside risk, that 
both risk averters and risk preferrers can be 


‘downside risk averse. Similarly, individuals 


with increasing or decreasing utility func- 
tions can be averse to a leftward shift of 
risk. Thus u’’(x)>0 is the only property of 
u(x) necessary to define the set of downside 
risk averters. As indicated in the proof of 
the theorem, unanimous preference for f(x) 
over g(x) by such a diverse set of individu- 
als requires equality of the mean and vari- 
ance. In the last section we showed that the 
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equality of the mean and variance is needed 
to ensure that an MVPT unambiguously 
transfers risk from the right to the left of 
any point. Here we have argued that this 
equality is important if we are not to arbi- 
trarily exclude individuals who can be averse 
to a leftward shift of risk from the set of 
downside risk averters.!* 

Theorem 2 parallels the results obtained 
by Rothschild and Stiglitz who showed the 
equivalence of a definition of increasing risk 
based on mean-preserving spreads to one 
corresponding to unanimous preference by 
all individuals with concave utility func- 
tions. Let- Uf ={u(x): u”(x)<0}. They 
proved that a distribution g(x) can be ob- 
tained from another f(x) by a sequence of 
MPSs if and only if f(x) is preferred to g(x) 
by all individuals whose utility function be- 
longs to U*. The Rothschild-Stiglitz formu- 
lation requires equality for the means in 
order to analytically characterize the notion 
of increasing risk as a spreading of probabil- 
ity weight from the center to the tails of the 
distribution. Alternatively, since Uf in- 
cludes both increasing and decreasing con- 
cave utility functions, unanimous preference 
for f(x) over g(x) requires that the means 
be the same. 


IV. Comparison with the Literature 


Two kinds of parametric formulations of 
downside risk have been widely used in the 
literature: probability loss and skewness 
measures. We now review these measures 
and relate them to our analysis. Later in this 
section we show how our general formula- 
tion of increasing downside risk is related to 
various stochastic dominance rankings of 
distributions. 


13It is interesting to note that Archibald Nichol’s 
early paper on firm behavior under uncertainty reaches 
similar conclusions. He defines a conservative manage- 
ment as one “... more influenced by chances of loss 
and chances of net revenue less than the maximum 
mean of expectations....” and a speculative manage- 
ment as one “... more influenced by chances of net 
revenue greater than the maximum mean of expecta- 
tions” (p. 652). He then argues that while the impact of 
an increase in risk (dispersion) depends on whether the 
firm is conservative or speculative, both types of 
managers will react in the same way to changes in 
skewness. 
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Probability loss measures formulate down- 
side risk as a probability-weighted function 
of deviations below an arbitrary target. The 
general form of these measures is 


D,(t,n)= f (t—x)" dF(x) 


where ¢ is the target and n>0 determines 
the weights attached to deviations below the 
target. The probability of falling below the 
target, D,(t,0), is the basis of Roy’s safety- 
first principle and has been suggested as a 
measure of downside risk by Markowitz and 
Pruitt. When n= 1, D,is the linearly weighted 
sum of probabilities of falling below the 
target used by Evsey Domar and Richard 
Musgrave. Target semivariance is obtained 
by setting n=2. It is the most widely used 
measure of downside risk. 

There are two major problems with the 
probability loss measures of downside risk. 
For any particular individual with a specific 
target, each measure defines a complete 
ordering over the set of distributions. Since 
the orderings for individuals with different 
targets will not be the same, there may not 
be agreement about which of a pair of dis- 
tributions has more downside risk. Thus the 
first basic problem is that, in general, any 
particular probability loss measure could 
only induce an ordering which corresponds 
to one based on unanimous agreement for a 
small and possibly very insignificant group 
of individuals. The second problem arises 
from the failure of the probability loss mea- 
sures to distinguish increasing downside risk 
from other properties of distributions. For 
example, g(x) may have more target semi- 
variance than f(x), i.e. D,(t,2)>D,(t,2), 
because g(x) has either a smaller mean, 
larger variance, or more dispersion below 
the target than f(x). 

The only probability loss measure that is 
directly related to our definition of down- 
side risk is target semivariance. The rela- 
tionship follows directly from the analysis of 
Section II. Specifically, 


PROPOSITION 1: 

A. If g(x) can be obtained from f(x) by a 
sequence of MV PTs, then g(x) has at least as 
much semivariance as f(x) for any target 
tE[0, 1]. 
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B. Let g(x) and f(x) be distributions with 


the same mean and variance. If the semivari- . 


ance of g(x) is at least as large as that of f(x) 
Jor each target t €[0, 1] and strictly larger for 
t in some subinterval, then g(x) can be ob- 
tained from f(x) by a sequence of MV PTs. 


Thus, as might be expected, for target 
semivariance to order a pair of distributions 
in terms of downside risk, the distributions 
must have the same mean and variance and 
in addition the semivariance of one distribu- 
tion must be at least as large as that of the 
other for all targets and strictly larger for 
targets in some interval. 

Skewness, as measured by the third central 
moment of a distribution, is another widely 
used measure of downside risk.'* The more 
right skewed a distribution, the greater is the 
probability-weighted sum of cubed devi- 
ations above the mean relative to those be- 
low it. Given equality of the means and 
variances, distributions which are more 
skewed to the right are regarded as provid- 
ing better downside protection or smaller 
downside risk. The disadvantages of skew- 
ness as a measure of downside risk are anal- 
ogous to those of variance as a measure of 
risk. It is easy to show that f(x) may be 
preferred to g(x) by some downside risk- 
averse individuals even though f(x) and g(x) 
have the same mean and variance and g(x) 
is more skewed to the right. 

The relationship between our formulation 
of increasing downside risk and skewness is 
summarized in the following propositions. 


PROPOSITION 2: 

A. If g(x) can be obtained from f(x) by a 

sequence of MV PTs, then f(x) is more right 
skewed than g(x) (i.e., S;>S,). 
-.B. Let g(x) and f(x) be distributions with 
the same mean and variance. Then f(x) more 
skewed to the right than g(x) does not imply 
that g(x) can be obtained from f(x) by a 
sequence of MVPTs. 


PROOF: 
We first prove Proposition 2A. Let g(x)= 
f(x)+2Z,t,(x), where t(x) is an MVPT. By 


14See the references cited in fn. 2. 
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definition, 


S= [x Hy x) a 
-+ 2, f ePi) dx 


=5+5 f (x—p)*t,(x) dx 


Expanding (x— pu)? in the second term and 
recalling that 


[id= f'xi) de= f'(x)=0 


we obtain S,=S;+ > [Pt ax 
i “O0 


Condition (12) guarantees that 
f f TO) adx>0 
0 “0 


Integrating by parts, using the relevant 
properties of 7* and T, and summing gives 


Sf f Toya ax 


=-1/6> f 'x34,(x) dx >0 


so that S,;>S,. The validity of Proposition 
2B follows immediately from the fact that 
E;= E; V= V; and S> S, do not guarantee 


that (12) holds.!° 


We have shown that if a distribution has 
more downside risk than another, it is less 


>The following pair of risks provide an example of 


the validity of Proposition 2B: 
Xxx 0 | 2 3 
I(x) 0.1 0.5 0.2 0.2 
g(x) 0.2 0.2 0.5 0.1 


This risk pair has been used by Whitmore (1975) in 
discussing the relation between skewness and third- 
degree stochastic dominance. 
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skewed to the right. However, the converse 
is not necessarily true. 

We now show how our analysis is related 
to the stochastic dominance (SD) literature. 
The SD approach begins by identifying a 
meaningful group of individuals whose util- 
ity functions belong to a well-defined class 
U. The problem is then to define the same 
partial order on the set of distributions as is 
induced by the class U, but to use only 
characteristics of the distributions in de- 
fining it. Our approach, like that of 
Rothschild and Stiglitz, falls within the SD 
framework. By defining increasing downside 
risk in terms of MVPTs we get the same 
partial order as is obtained by unanimous 
agreement on the part of all dcewnside risk 
averters, that is, those whose utility func- 
tions belong to U}. 

The three most widely used SD formula- 
tions are first, second, and third-degree sto- 
chastic dominance, or FSD, SSD, and TSD, 
respectively.’ These are the orderings re- 
sulting from unanimous preference over the 
respective classes, 


= {u(x): u(x) >0} 
= {u(x)EU,: u"(x) <0} 
= {u(x)EU,: u(x) >0} 


The corresponding SD ‘rules are 

FSD: E,u(x)>E,u(x) for all u(x) in 
U, iff F(x)#G(x) and F(x) < G(x) for all 
x €[0, 1] 

SSD: E,u(x) > E,u(x). for all u(x) in U, 
iff F(x)#G(x) and {iF(y) dy < {xG(y) dy 
for all x €[0, 1] 

TSD: E,u(x)> E,u(x) for all u(x) in 
U, iff F(x) ¥ G(x), E; >E, and fofjF 
(z)dz d < KRG dz dy for all x €[0, 1]. 


By successively narrowing the class of 
utility functions under consideration, U} C 
U,C U,, these SD rules increase the number 
of pairs of distributions which can be com- 
pared. In contrast, our analysis and that of 
Rothschild and Stiglitz identify the classes 
of utility functions U¥ and U} required to 


'6See James Quirk and Rubin Saposnik, Josef Hadar 
and William Russell, Hanoch and Levy, end Whitmore 
(1970), 


DECEMBER 1980 


define increasing downside risk and increas- 
ing risk in a choice-theoretic setting. It fol- 
lows immediately from the definition of U% 
and UF that neither set is a subset of the 
other, that is, a risk averter may or may not 
be downside risk averse, and vice versa. In 
terms of the SD rules, if f(x) dominates 
g(x) by TSD, then. f(x) also dominates g(x) 
by SSD and FSD. However, if f(x) and 
g(x) are comparable by increasing down- 
side risk, they are noncomparable by in- 
creasing risk. 

We conclude our survey of the literature 
by showing the precise relationship between 
our analysis and SD. Since U, € Uf but Uf 
is noncomparable with U, or U,, the only 
conventional SD criterion that is directly 
related to our definition of increasing down- 
side risk is TSD. The propositions below 
formally state the relationship. 


PROPOSITION 3: 

A. If g(x) can be obtained from fx) by a 
sequence of MV PTs, then f(x) dominates g(x) 
by TSD. 

B. Let g(x) and f(x) be distributions with 
the same mean and variance. If f(x) dominates 
2(x) by TSD then g(x) can be obtained from 
F(x) by a sequence of MVPTs. 


These relationships follow immediately 
from a comparison of the TSD rule with 
conditions (i), (ii), and (iii) of Theorem 1. 


V. Summary and Conclusions 


In this paper three definitions of increas- 
ing downside risk are formulated and shown 
to be’ equivalent. The first is based on 
spread-contraction combinations which un- 
ambiguously transfer -risk leftward in a dis- 
tribution while maintaining the mean and 
variance, This definition analytically cap- 
tures the intuitive and empirically relevant 
notions of downside risk and distinguishes it 
from other characteristics of distributions, 
for example, riskiness. To provide a choice- 
theoretic foundation for our analysis we de- 
fined increasing downside risk in terms of 
the unanimous choice of all individuals with 
convex marginal utility functions, that is, all 
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individuals who are decreasingly risk averse. 
One implication of this result is that both 
risk averters and risk preferrers can be 
downside risk averse. The third definition 
provides a practical criterion to compare 
distributions in terms of downside risk. We 
have also shown how our general approach 
is related to the prevailing measures of 
downside risk on the one hand, and sto- 
chastic dominance on the other. 
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Compensating Variation, Consumer’s Surplus, 
and Welfare 


By JOHN S. CHIPMAN AND JAMES C. MOORE* 


The compensating variation was defined 
by J. R. Hicks (1942) as the amount one 
would have to deduct from a person’s in- 
come to make him just as well off after a 
change in prices and income as he had been 
in the initial situation. If the compensating 
variation is positive, the individual is better 
off under the new situation. Since the com- 
pensating variation furnishes a uniquely de- 
fined numerical (cardinal) indicator of 
welfare improvement, it provides an implicit 
ranking of alternative prospective situations 
not only relative to the initial situation, but 
also relative to each other. In practice this 
appears to be how this and other tools of 
cost-benefit analysis are actually used: one 
is interested in knowing not only whether a 
particular bridge, or a particular excise tax, 
will lead to an improvement in welfare, but 
which out of a set of alternative bridges or 
alternative tax systems will improve welfare 
the most.’ In this paper we analyze condi- 
tions under which the compensating varia- 
tion can be validly used in this generalized 
sense; these turn out to be precisely the 
Same as conditions previously derived (see 
our 1976 paper) for the valid use of con- 
sumer’s surplus as a welfare measure. 

In our final section we analyze the prob- 
lem of deriving the generalized equivalent 
and compensating variations (either exactly 
or approximately) from observable demand 


*University of Minnesota and Purdue University, 
respectively. Research for this paper was supported by 
National Science Foundation grant SOC77-27257. 

‘As Arnold Harberger has stated: 

What could be more useful to us as a guide to 
priorities in tax reform than the knowledge that 
the deadweight losses stemming from the tax 
loopholes (percentage depletion and capital gains) 
open to explorers for oil and gas are probably 
greater in total magnitude than the deadweight 
losses associated with all the other inefficiencies 
induced by the corporation income tax? 

[1964, p. 58-59] 

See also the cogent remarks by John Hause, p. 1150. 
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functions, by means of generalizations of, or 
alternatives to, consumer’s surplus. 


I, Consumer’s Surplus and the 
Compensating Variation 


We assume that the consumer has a pref- 
erence ordering R defined on the com- 
modity space (which we take to be the 
n-dimensional nonnegative orthant), with 
consumption bundles denoted x=(x,, xz, 
...,X,). The consumer is assumed to have a 
single-valued, continuously differentiable 


demand function h(p, m) = (h'(p, m), 


h*(p, m),...,h"(p, m)), where h/ is the 
demand for commodity j, p= (P, Po, 
--+» Pa) 18.a vector of strictly positive prices, 
and m (also strictly positive) denotes the 
consumer’s income. The demand function is 
assumed to be generated by R, so that 
h(p,m)Rx for any x satisfying the budget 
constraint p-x <m; and we assume that all 
income is spent, i.e., p-h( p,m)=m for all 
(p,m). Pairs (p,m) will be called budgets, 
and a-particular set of budgets under: con- 
sideration will be called the budget domain. 
The indirect preference relation R* induced 
by R is defined by the condition 


(1) (p', m')R*( p°, m°) iff 
h( p', m')Rh( p°, m°) 


Owing to the homogeneity of degree zero of 
the demand function (absence of money 
illusion), the relation R* is also “homoge- 
neous of degree zero” in the sense that 
(p', m')R*(p?, m°) implies A,(p', m!) 
R*),( p?, m?) for any A,,A,>0. We shall 
denote by /* the corresponding indirect 
indifference relation, defined by (p', m!') 
I*(p?, m°) iff (p', m')R*(p’, m°) and 
(p°, m*)R*(p', m’). 

Fundamental to our approach is the 
principle that the consumer is the best judge 
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of his own welfare. As a basic principle of 
social policy, this can of course be ques- 
tioned, certainly in particular cases (such as 
that of chemical addiction); we merely wish 
to emphasize that we accept this principle as 
our basic working hypothesis in this paper. 
A welfare indicator such as consumer’s 
surplus or the compensating variation must, 
according to this principle, be judged by the 
criterion of whether or not it correctly repre- 
sents the consumer’s indirect preferences. 

Just as a (direct) utility function U de- 
fined on the commodity space is said to 
represent the (direct) preference relation R 
if U(x') > U(x") iff x'Rx?, and indirect util- 
ity function V defined on the relevant budget 
space is a numerical function which repre- 
sents the indirect preference relation R* in 
the sense that 


(2) V(p', m')> V(p?, m) 
iff (p', m!)R*(p?, m°) 


Such a function V will also be termed a 
numerical indicator of indirect preferences. A 
welfare indicator will be described as an 
acceptable measure of welfare change if it is a 


numerical indicator of change in the con- - 


sumer’s indirect preferences (possibly on a 
restricted budget domain), hence if it is an 
increment in an indirect utility function (at 
least when restricted to this domain). 

Let v=(v!,v’,...,0°t!) be an (n+1)- 
vector-valued continuously differentiable 
function of (p,m), and let w be a path in 
the budget space, that is, a continuous func- 
tion w(t), O<r<1, with endpoints w(0)= 
` (p®, m®) and w(1)=(p!, m’), say. The line 
integral of v with respect to w may be de- 
noted 


(3) | 
fool a(t) ]-dw(t)= 2 Sov’[ elt) de(t) 


It is well-known from the theory of line 
integrals (see Tom Apostol, pp. 276-93) that 
if all polygonal paths w joining two budgets 
(p°, m?) and (pt, m') yield the same value 
for ‘the line integral (3) (i.e., if the line in- 
tegral is path independent), then there exists 
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a twice-differentiable “potential function” 
F(p, m) such that 


(4) 
fovl o(t) ]-deo(t)=V(p', m!)— V(p®, m°) 


and satisfying 


(5) 

oy , M ; F 
Z ) =o/(p,m) (j=1,2,...,m); 
P; 

(p,m) ast 
an = 1) (p,m) 


Conversely, if there exists a twice-dif- 
ferentiable function V( p,m) satisfying (5), 
then the line integral (3) is path indepen- 
dent, and, in fact, (4) is satisfied. 

We shall say that a continuously differen- 
tiable (n+ 1)-vector-valued function o(p, m} 
furnishes an acceptable integral measure of 
welfare change iff: (i) the line integral (3) is 

path independent, and (ii) it is nonnegative 
if (p', m')R*(p°, m®), i.e., iff the terminal 
point is indirectly preferred or indifferent to 
the initial point. In terms of the above 
terminology, therefore, the line integral (3) 
satisfying these properties is an acceptable 
measure of welfare change. 

If V(p, m) is a differentiable indirect util- 
ity function representing R*, then Antonelli’s 
partial differential equations are satisfied: 


OV( p,m) _ 


oV( p,m) 
(6) Op; am 


hi( p,m) 
for J=1,2,...,7 


2See Antonelli (1886, p. 17; 1971, p. 349, equation 
(24) and the unnumbered equation following it). In the 
recent literature these equations (which are no more 
“identities” than are any other partial differential equa- 
tions) have been described as (as well as mispro- 
nounced) “Roy’s identity,” even though Rene Roy’s 
was a second rediscovery, the first being that of 
R. G. D. Allen, p. 190. See Chipman et al., pp. 348-49, 
fn. 51; see also our 1976 paper, pp. 73-74, where a 
simple proof is presented not requiring differentiability 
of the direct utility function U. 
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If, then, we choose for v the Mickan 


(7 orme- En m) 
(j=1,2, wn) 
vp, m) Ktp. m) 


it is clear that v furnishes an acceptable 
integral measuré of welfare change: 

If in place of the function v of (7) we 
choose the function f=(f!, f?,..., f"?") 
defined by - 


(8)  f(p,m)=—h(p,m) 
 (J=1,2,..., n) 
`P: m)=1 | 


the corresponding line integral (where A t) 


m (p(t), m(t)) 
(9) SODA 


ms > fo MLODE- m(0) 


is the Marshallian consumer rs surplus. 

Let us now turn to the Hicksian com- 
‘pensating variation and Hicks’ alternative 
definition of consumer’s surplus. This is best 
analyzed by means of the Hurwicz. and 


Uzawa income-compensation function, de- 
fined by? 


(10) pp; p®, m°) 
=min{m>0: (p, m)R*(p°, m °)} | 

It has the following properties: 
u(p; Ap’, Am°)= u(p;p°»m°) 


for A>0 


Based on Lionel McKenzie’s “minimum-income 
function” M,(P) to which it is related by setting x= 
h(p?;m?). : A 


(15) 
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M2 (Ap; p®, m°)=Au(p; p®, m?) 
forA>0 


M3 p(p®; p®, m°)=m° 


M4 (p°,m°)I"(p,m) 


iff m°=n(p°; p, m) 


Most noteworthy. is the property that (for 


continuous. R*) the function Voi defined ‘for 


any fixed p’ "by 


(11) 


is an indirect utility function representing R*.4 

Given a base budget ( p°, m°), we can. use 
the income-compensation function to define 
the compensated demand function by 


V,(p,m)=p p's p,m) 


(12) g(a; P°, m)=Al p, wp; p’, m°) | 


It was shown by Hurwicz and Uzawa (p. 
120) that 


(13) p,(p; p°, m°)=8"(p; p°, m°) 


(j=1,2,... n) 


where u, denotes the partial derivative of p 
with respect to its jth argument, and g/ is 


“ the compensated demand for commodity j. 


Hicks (1942) defined the equivalent varia- - 
tion in going from (p°, m°) to (p', m?) by 


(14) E(p®s p', m?)=p( p°; p!, m°)—m® 


The natural welfare indicator which extends 
this definition to comparison between any 
two budgets (p', m’) and (p°, m?) is (for 
fixed base. budget ( p°,m?°)) 


Bp, m)=p(p°; p, m)— m? 


We may call (15) the generalized equivalent 
variation. Since it differs from V,ọ by a 


4For a proof, see Lemma 8 of Leonid Hurwicz and 
Hirofumi Uzawa, pp. 129-30. 
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constant (see (11)), it is clear that it is an 
indirect utility function representing the in- 
direct preference relation R*, hence is an 
acceptable measure of welfare change (see 
Hause). 

Hicks (1942) defined the compensating 
variation in going from (p°, m®) to (p', m°) 
by 


(16) C(p'; p°, m°)=m°—p(p'; p°, m°) 


The natural welfare indicator which extends 
this definition to comparison between any 
two budgets (p!,m') and (p?, m?) is (for 
fixed (p°, m°)) 


(17) ¥(p,m)=m—p(p; p°, m°) 


since it yields W(p', m?) — (p°, m°) = 
C(p!;p?, m?). We shall therefore call (17) 
the generalized compensating variation. Un- 
like the generalized equivalent variation, 
however, the generalized compensating vari- 
ation is not a proper numerical indicator of 
indirect preferences except for a limited set 


of comparisons or under restricted condi- 


tions. (This point has been made by Hause.) 
For comparisons between an arbitrary bud- 
get (p,m) and the given base budget 
(p°, m°), we have from (17) and property 


3 


(18) ¥(p,m)—¥( p®, m?) 


=(p; p,m) —p(p; p°, m?) 


hence the change in the generalized com- 
pensating variation coincides with the incre- 
ment in the Hurwicz-Uzawa function V, of 
(11); but Y cannot be used to represent 
indirect preferences as. between two budgets 
(p', m'), (p°, m°) both distinct from 
(p®, m°), except under limited conditions, 
two of which we take up in Sections H and 
III below.” 


‘The problem is that, if we wish to use (17) to 
compare two alternative budgets (p', m!) and ( p2, m°), 
then it follows from (18) and (11) that ¥(p?, m?)> 
¥(p', m’) only if the increment in V,, is at least as 
great as the increment in Vp. While 1, and V,, are 
both perfectly valid indirect utility functions, there is 
no reason to expect a change according to one such 
representation to be comparable to a change according 
to another. 
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Consider now the vector-valued function — 
y=(p!, p7,..., pt), defined for fixed 
(p°, m?) by 


(19) y4( p,m) = —g°(p; p®, m°) 
(j7=1,2,...,7) 


w"* ’ p, m)=1 


Using this function y ia place of the func- 
tion f of (8) we obtain for the line integral of 
y with respect to w 


(20) fol w(t) | dolt 
=— 2 fogt p(t); p°, m°)ap(t) 


+m(1)—m(0) 


This is the Hicksian consumer’s surplus. 
Since from (17), (13), and (19) we see that 
OV /dp,=y/ for j=1,2,..., n, and 0¥/dm= 
y"*!, it follows that the line integral of y 
with respect to w, connecting the endpoints 
w(0)=(p', m) and w(1)=(p’, m°), is pre- 
cisely 


(21) 
Jol w(t) ]-doo(t)=¥(p*, m?)—¥(p', m') 


so that ¥ is a potential function for this line 
integral. For w(0)=(p°,m®°) and w(l)= 
(p', m®), the Hicksian consumer’s surplus is. 
then precisely Hicks’ compensating varia- 
tion (16). 

We are now ready to formulate our prob- 
lem precisely: under what conditions (on 
preferences and on admissible pairs of end- 
points ( p’, m’) and (p°, m?) under compari- 
son) do the Marshallian and Hicksian con- 
sumer’s surplus integrals (9) and (20) furnish 
acceptable integral measures of welfare 
change? The second of these questions is 
equivalent, as we have just seen, to the 
question: under what conditions does the 
generalized compensating variation (17) 
constitute an acceptable measure of welfare 
change? 

In our 1976 paper, three answers were - 
provided to the above question concerning | 
the Marshallian consumer’s surplus integral: 
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FIGURE l 


(a) If there is no restriction on the pairs 
of endpoints (p', m’), (p?, m°) under com- 
parison, then there are no conditions on 
preferences under which the consumers 
surplus integral (9) furnishes an acceptable 
measure of welfare change. 

(b) If the pairs of endpoints (p', m’), 
and (p?, m°) that may be compared are 
restricted by the condition that m! = m7, but 
are otherwise free to vary arbitrarily, then 
the Marshallian consumer’s surplus fur- 
nishes an acceptable measure of welfare 
change if and only if preferences are homo- 
thetic.® 

(c) If the pairs of endpoints (p', m’) 
and (p?,m*) under comparison are con- 
strained by the condition that p|=p? (or 
equivalently, if income and all other prices 
are deflated by the price of commodity 1 in 
each period), but are otherwise free to vary 
arbitrarily within a certain budget domain,’ 
then the Marshallian consumer’s surplus in- 
tegral furnishes an acceptable measure of 
welfare change if and only if preferences are 


SA preference relation R is, as usual, termed homo- 
thetic if x! Rx? iff Xx! RAx? for A>0. 

7The domain in question is defined by the require- 
ment that m be greater than some minimum income 
p(p). See equation (35) below. 


parallel with respect to commodity I on the 
relevant domain of the commodity space (see 
Figure 1).° 

Turning now to the generalized com- 
pensating variation (17), we note that (using 
property M2) it has the property of being 
homogeneous of degree one in (p,m). On 
the other hand, for it to serve as an indirect 


8A preference relation R will be called parallel with 
respect to commodity 1 if commodity 1 is a strictly 
preferred commodity (in the sense that whenever x} > 
x? and xl =x? for i=2,3,...,n, x! is strictly preferred 
to x”) and moreover, x'Rx? iff x! +Ae Rx? +Ae! for 
A> max{—x!,—x2}, where e'=(1,0,0,...,0). This is 
equivalent to saying that if a consumer is indifferent 
between two bundles x! and x*, he will remain indif- 
ferent between them if the same amount A of commod- 
ity 1 is added to (or subtracted from) each bundle (see 
Figure 1). An example of parallel preferences in the 
two-commodity case is furnished by the utility function 
U(x;, X2)=x,+logx2. More generally, parallel prefer- 
ences can be represented by utility functions of the 
form U(x)=ax,+ W(x2, X3,-.+,%,); see F. Y. Edge- 
worth, p. 237n, Paul Samuelson (1942, p. 85), and our 
1976 paper, p. 88. While a formal treatment of the 
concept of parallel preferences does not appear to have 
been undertaken prior to our 1976 paper, the concept 
goes back to Kenneth Boulding and even further to 
Edgeworth, and the need for the explicit assumption of 
parallel preferences in consumer’s surplus analysis has 
been emphasized by Samuelson (1964) and recognized 
by a number of other writers, for example, Edwin 
Mansfield, pp. 68-69, and Hicks himself (1939, p. 40). 
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utility function it would have to be homoge- 
neous of degree zero in (p,m), as well as 
strictly increasing in m (owing to the fact 
that A is assumed to satisfy the budget 


equality .p-h(p,m)=m). These_ properties . 


are manifestly incompatible. Our answer (a) 
above therefore applies just as well to the 
generalized compensating variation and the 
Hicksian consumer’s surplus as to the 
Marshallian consumer’s surplus. In the fol- 
lowing two sections we show that the same 
is true for (b) and (c); that is, the necessary 
and sufficient conditions for the Hicksian 
consumer’s surplus to furnish an acceptable 
measure of welfare change are precisely the 
same as those for the Marshallian con- 
sumer’s surplus to do so.” In the concluding 
section we analyze the relation between the 
Marshallian .and Hicksian measures, and 
take up the question of the feasibility of 
estimating the Hurwicz-Uzawa function (11) 
from empirically estimated demand func- 
tions. 


H. The Case of Fixed Income and 
. Homothetic Preferences 


We take up first the case in which income 
remains unchanged.!° We show that for the 
generalized compensating variation to be an 
acceptable measure of welfare change in 
this case, it is necessary and sufficient that 
preferences be homothetic. 

Let m>0 be the fixed value of the con- 
sumer’s income. Then the generalized com- 
pensating variation (17) correctly represents 
the consumer’s indirect preference relation 


It is no accident that the Hicksian and Marshallian 
measures are related in this way in the case of the two 
types of restrictions on the domain we have considered 
here, namely constant income and constant price of the 
numeraire. We plan to show in a future paper that this 


relationship holds for any differentiable restriction on _ 


_ the budget domain. 

0 Harberger’s (1971, p. 788) specific exclusion of 
income increments (which he calls the “first-order 
change in utility”) from his consumer’s surplus concept 
suggests that this case may be relevent to his work. 
Furthermore, he assumes some so-called “integrability 


conditions” (1964, p. 62) that are known (when applied . 


to demand functions) to imply homotheticity of 
preferences (see our’ 1976 paper p. 95, Lemma 6; 
also Samuelson, 1942, p. 81n; and Eugene Silberberg, 


p. 946). 


DECEMBER 1980 


R* on a budget domain with ( p, m)=( p, M) 
iff for a given base budget (p°, m°), 


(22) (p',m)R*(p?,m) 
iff m—p(p'; p®, m”) > m—p(p?; p°, m?) 


Our demonstration will be set out in the 
form of a series of seven propositions: 


PROPOSITION H1:Condition (22) is satis- 
fied if and only if indirect preferences R* are 
representable by the indirect utility function 


m 

(23) V(p,m)=———.__, 
u(p;p°, m’) 

on the homogeneously extended budget do- 

main. 


PROOF: 

If (p',m') and (p°, m?) are any two 
budgets such that (p', "m)R*(p?, m’), by 
the homogeneity of degree 0 of R* we have 
(mp'/m', m)R*(mp*/m°, m). Now, applying 
(22) and using property M2 of u, we 
obtain m'/u(p';p°, m°) > m?/u(p?; 
p?, m?). Conversely, by reversing the steps 
in the argument we see that the latter 
inequality implies ( p’, m')R*( p?, m°). Thus, 


(pt, m')R*(p°, m?) 


m! m2 


ee hae ee ae ne pe eee eta eg 
uC p';p®,m°) — w(p?;p®, m?) 


PROPOSITION H2:Jf R* is representable 
by (23), the demand function satisfies 


(24) h(p,Am)=Ah(p,m) for A>0 


hence the direct preference relation R is homo- 
thetic. 


This follows by applying the Antonelli 
equations (6) to (23), to obtain 


#j(p;p°,m°) 


ne een u(p;p°,m°) anne 


U By “homogeneously extended budget domain” we 
mean the following: If the original budget domain 
consists of budgets (7, 7) with v in a set II, then the 
homogeneously extended budget domain is the set of 
budgets (p,m)=A(a, Mm) with A>0 and y in H, or 
equivalently, the set of budgets (p,m) such that 
(ii/m)p is in II. See our 1979 paper. 
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where the last equality follows by setting 
m=1 in the first. Thus, h/(p, Am)= 
Amh p, D=Àh¥ p, m). 

It is well known that (24) is necessary and 
sufficient for the preference relation R to be 
homothetic (see Chipman). 

Propositions H1 and H2 together imply 
that homotheticity of preferences is a neces- 
sary condition for the compensating varia- 
tion to be an acceptable measure of welfare 
change when income is constant and prices 
are free to vary arbitrarily. The sufficiency 
follows from the remaining five propositions. 


PROPOSITION H3: Jf the consumer’s pref- 
erence relation R is homothetic, then the indi- 
rect preference relation R* satisfies 


(26) (pt, m')R*(p*, m’) 


iff (p',Am')R*(p?, Am?)  forà>0 


Since (as noted above) homotheticity im- 
plies (24), the result follows from homo- 
theticity, (24), and application of the defini- 
tion (1) of R*. 


PROPOSITION H4: If an indirect preference 
relation R* satisfies (26) then, for any fixed 
price vector p' the Hurwicz and Uzawa func- 
tion (11) has the property 


(27) Vi(p,Am)=AV.( p,m)  forà>o0 


By M4 we have ( p‘, n(p'; p, m))I*(p, m), 
whence it follows from Proposition H3 that 
(p', AC p's p,m))I*(p, Am). Applying M4 
once again we obtain p(p’; p, Am)=Ap(p'; 
p,m). 


PROPOSITION HS: Property (27) implies 
that given any two base price vectors p and 
p°’, the corresponding Hurwicz and Uzawa 
indirect utility representations V,, (t= 1,2) are 
related by 


(28) Vip, m)= V,( p’, 1)V,2(P, m) 


for all budgets (p,m), where V,,(p7, 1)>0; 
that is, given any two such representations for 
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R*, one is a constant positive multiple of the 
other. 


From the definition (11) of Vp: and by 
property M4 of u, we have by (27): 


u(p'; p,m)=p(p'; p°, w(p?; p, m)) 
=p(p?; p,m)u( p's p*, 1) 
where p(p!; p?,1)>0 by the positive homo- 
geneity of u(p'; p, m) in m and the fact that 


it is strictly increasing in m. 


PROPOSITION H6: Condition (28) implies 
that u satisfies the functional equation”? 


| | ee 7 i, w# a 
(a9) Be spam) _ nC pip", m") 


pl psp’, m’) u(p?3p”, m") 


This follows immediately from (28) and 
(11). 


PROPOSITION H7: Condition (29) implies 
that for any fixed income m>O0O, the indirect 
preference relation R” satisfies (22). 


Setting p'=p°, p?=p, (p’, m’')=(p, m) 
and (p”,m”)=(p®, m°), and making use of 
property M3 of u, (29) yields 


(30) Viol p, m)=n(p°s p,m) 


=m°——"___ =m°V(p, m) 
u(p;p°,m°) — 
Since V,, is an indirect utility function, the 
result follows from Proposition H1. 
This completes the proof of the suffi- 
ciency of homotheticity of preferences for 


2Note that (29) is essentially equivalent to a crite- 
rion of Samuelson and Subramanian Swamy (equation 
(2.5), p. 570), who in place of p worked with the 
function e(p;x) related to u by ppp’, m)= 
e(p;h(p’, m. They noted that the analogous func- 
tional equation was characteristic of homothetic prefer- 
ences. The condition is necessary and sufficient for 
(p; p®, m?) to be a “true cost-of-living index,” in the 
sense that it furnishes the price index by which one 
should divide (deflate) the consumer’s income m in 
order to obtain the indirect utility function (23). 
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FIGURE 2 


the compensating variation to be an accept- 
able measure of welfare change when in- 
come is constant and prices are free to vary 
arbitrarily. An illustration is given in Figure 
2 of a case of homothetic preferences in 
which (p', m')I*(p?, m°), where (p', m')= 
(pi, p2, m°) and (p°, m°)=(p?, p3, m°). 
Since (p', m°)I*(p?, m°) implies -p(p'; 
p°, m°)=p(p?;p°, m°) by (30), it follows 
that (see Figure 2) 


m°/pp | m°/p\ 
(p's p°,m°)/p?— wp's p®, m°) /p} 
m? /p3 m°/p$ 


(p?; p°, m°)/p2 wp? p’, m°) /py 


Iii. The Case of Fixed Price of Numéraire 
and Parallel Preferences ` 


We now take up the case in which the 
price of a distinguished commodity (possi- 
bly a composite commodity) remains ün- 
changed, or equivalently, income and all 
prices are reckoned throughout relative to 
the price of this distinguished commodity, 


which we take to be commodity 1. We show 
that for the generalized compensating varia- 
tion to be an acceptable measure of welfare 
change in this case, it is necessary and suffi- 
cient that preferences be parallel with re- 
spect to commodity 1. 

Let p, >0 be the fixed price of commodity 
l, and denote. g= (Pz, p3,..., Pa) for 
convenience. Then the generalized com- 
pensating variation (17) correctly represents 
the consumer’s indirect preference relation 
R*, on a budget domain with (p,,q,m)= 
(Piq, m), iff there is some base budget 
(p°, m?) such that 


(31) (Fog, m')R*(P,, 4°, m?) 
iff m'—(p,,9';p°, m?) 


‘> m?’ —u( P, 4°; p’, m?) 


As in the previous case, our demonstration 
will be divided into a series of seven prop- 
ositions. - 


PROPOSITION P1: Condition: (31) is satis- 
fied if and only if indirect preferences are 
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representable by the function 


m  p(p;p°, m°) 

32) V(p,m)=— — == 

(32) ( ) Pı Pı 

on the homogeneously extended budget do- 
main.”? 


If (p',m)=(pq5 m) and (p*,m*)= 
( Pi ,4?, m?) are any two budgets such that 
(p, m')R*( p, m°), then by the homogeneity 
of degree Zero of R* we have A,(p', m') 
R*A2(p’, m°) for Ay, A2>0. Choosing A, = 
P/P} and À 2=P,/p; this yields 


(P, Agt, Aym')R*( Pi, Asa’; Aam?) 


hence we can apply the criterion (31). Using 
property M2 of u this is easily seen to yield 


m, _p(p';p°, m?) ma _ elpt; p’, m”) 
Pi Pi Pi Pi 


Reversing the steps of the argument we see 


that the latter inequality implies ( p’, m’) 


R*(p’, m?). Thus, (p', m!)R*( p°, m°) iff 
m p(p';p°, m’) m? _ pCp*; p, m?) 
P) P! p? Pi 


PROPOSITION P2: If R* is representable by 
(32) on an open budget domain, the demand 
function h satisfies 


(33) h\(p,m+Ap,)=h\(p, m)+A 


h1(p,m+Ap,)=h*( p,m) 
for j=2,3,...,n 


on this domain, and hence the preference rela- 
tion R is parallel with respect to commodity 1. 


13As in fn. 11 above, if the original budget domain 
consists of budgets (7), x, ».) such that the vector (x, p) 
varies in the set O, then the homogeneously extended 
domain is the set of budgets (Ap,,Ax,Ap) with A>O 
and (x,#) in 8, or equivalently, the set of budgets 
(pi, q, m) such that (p,/p,) (4, m) is in ©. See our 
1979 paper. 
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This follows by applying the Antonelli 
equations (6) to (32) and using (13), to ob- 
tain 


(34) h'(p,m)=g'(p; p®, m°) 
+py'| m—p(p; p°, m°) | 

hi( p,m) =g"(p; p®, m°) 
for j=2,3,..., A 


from which (33) immediately follows. 

The constraint h'(p,m)>0 implies that 
the demand function can have the form (34) 
only for budgets (p, m) satisfying m > r(p), 
where (recalling (13) and property M2 of p) 


(35) »(p)=p(p;p®, m°)—p,8'(p3p°, m°) 


= S pe'p". m°) 


The last n—1 equations of (34) further im- 
ply that the uncompensated and compen- 
sated demand functions are equal to one 
another, and depend only on prices, for all 
commodities but the first.'4 We may thus 
denote 


(36) nX p)=h}(p,m)=g}(p;p°, m?) 


for j=2,3,...,n m>v(p) 


The fulfillment of (34) for m2>v(p) can 
be shown to be necessary and sufficient for 
preferences to be parallel with respect to 
commodity 1 (see Samuelson, 1942, and our 
1976 and 1979 papers). 

Propositions Pl and P2 together imply 
that parallelism of preferences (with respect 


4The fact that the property of “constancy” of the 
marginal utility of income dV/dm=1/p, enjoyed by 
(32) implies that the demand functions for the remain- 
ing commodities are independent of income was first 
pointed out by Samuelson (1942, p. 85). The fact that 
the uncompensated and compensated demand func- 
tions for these commodities are identical in this case 
was pointed out by Don Patinkin, p. 94. 
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to commodity 1) is a necessary condition for 
the compensating variation to be an accept- 
able measure of welfare change when the 
price of commodity 1 is constant (or income 
and all other prices are reckoned relative to 
this price), but other prices and income are 
free to vary arbitrarily. The sufficiency fol- 
lows from the remaining five propositions. 


PROPOSITION P3: Jf the consumer’s pref- 
erence relation R is parallel with respect to 
` commodity 1, then the ee: preference rela- 
tion R* satisfies 


(37) (p', m!)R*(p*, m°) iff 


(p',m'+Ap\) R*(p?, m?+Ap?) 


p(p')—m' v(p?)—m?* | 
for A> max| ee eg 
. Pı Pi 


and m'>v(p')fort=1,2 


Since (as noted above), parallelism im- 
plies (33), the result follows from parallel- 
` ism, (33), and the definition (1) of R*. 


PROPOSITION P4: If an indirect preference 
relation R* satisfies (37), then for any fixed 
price vector p' the Hurwicz-Uzawa function 
(11) has the property 
(38) Vi p,m+Ap,)=V,.Cp,m)+Api 
for p,m,X, and pCp'sp, m) satisfying the 
inequalities in.(37) with (p‘;n(p' ‘Ps m)) and 
(p,m) replacing (p',m') and (p°, m°), re- 
CEO: 


By M4 we have (p‘, (p5; p, m)I"(p, m), 
whence it follows from Proposition P3 that 


(p, e(p" .p,m)+Api I Cp, m+Ap,). Ap- 
plying M4 once again we obtain u( p; p,m 


+Apı)=u(p'; p, m)FApi. 


PROPOSITION P5: Property (38) implies 
that for any two base price vectors p' and p?, 
the corresponding Hurwicz and Uzawa indi- 
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rect utility representations V, (t= 1;2) are re- 
lated by 


I 
P 
(39) Vip, m) = = Vi2(p, m) 
Py 
Pi 
+Val p?,»(p?)) — me) 
1 : 


where v is given by (35); that is, given any two 
such representations for R*, one of them is an 
increasing linear transformation of the other. 


From (11) and property M4 of pt, we have 
by (38): 


u(r! :p,m) =p(p! ;p*, alp’: p, m)) 


=( 5 uo E zmt) 


Pi 
alpo, m) =) 


i 


=a(p'; p’ »(p?)) +p} 


By G 1), this is equivalent to (39). 


PROPOSITION P6: Condition(39) iniplies 
that p satisfies the functional equation"? 


(40) u(pi;p’,m') — p(p?;p’,m’) 
] 2 
Pi Pi 
_ pl ptp”, m”) _ u( p?;p”, m”) 


Po oR 


This follows iara iom (39) and 
(11). 


PROPOSITION P7:Condition (40) implies 


that for any fixed price of commodity 1, p,>0, | 


- 5 Note that (40) provides conditions for (p; p®, m°) 
to-be an ‘ideal cost-of-living index in the sense of 
furnishing a cost figure u(p;p°, m°) which should be 
subtracted from the. consumer’s income:in order to 
obtain an expression which, after division by. the price 
of the numéraire Pr yields the indirect anity oe 
(32). l l 
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FIGURE 3 


the indirect preference relation R* satisfies 
(31) over the relevant budget domain. 


Setting p' == 9°, p’ =P, (p’, m') = (p; m), 
and (p”,m”)=(p®, m®°), and making use of 
. property M3 of u, (40) yields 


(41) V,o(p,m)=p(p®; p,m) 


E 0 0 
spe) Z= p( p;p’, m°) 
Pi Pı 
=m°+piV(p,m) 


Since Vo is an indirect utility function, the 
result then follows by Proposition P1. 

` This completes the proof of the suffi- 
ciency of parallelism of preferences for the 
compensating variation to be an acceptable 
measure of welfare change when one price is 


constant and: income and the remaining. 


prices are free to vary arbitrarily. An illus- 
tration. is given in Figure 3. of a case of 
parallel preferences in which (p!, m')I* 
(p°, m?), where (p', m')=(p}, p>,,m') and 
(p°, m*)=(p?, p2, m°). In this case, since 
m' — p(p', p°, m°)=m° — n(p?; p°, m°) by 
(41) it follows that (see Figure 3) 


m _ plpip m’) m? _ w(p*sp", m’) 
pi Pi Pi PY 
where m _ H(pisp", m’) 

| PY Py 


IV. The Deriyation of Welfare Measures 
from Demand Functions 


We conclude in this section with a discus- 
sion of how, in the light of the results of the 
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preceding sections, one can most economi- 
cally proceed from demand functions to 
welfare measures, and the extent to which 
and conditions under which the Dupuit- 


Marshall concept of consumer’s surplus can ` 


serve a useful purpose or can be improved 
upon in fulfilling this objective. We first 
analyze the problem under the conditions 
assumed in Sections II and III (homothetic 
and parallel preferences), respectively, and 
then under more general conditions. We 
shall consider in particular the problem 
of deriving the Hurwicz and Uzawa func- 
tion V,o( p,m) =u p°; p, m) either from the 
demand function h( p,m), by integration of 
the appropriate Antonelli equations 


ðu(p?; p,m), 
(4) op, m)= -CEPR m hA p, m) 
forj=1,2,...,7 
du( p°; p,m 
o"*'(2, m)= ne ) 


or from knowledge of some other indirect 


utility function V( p,m) and use of property ` 


M4 of p, that is , by solving the equation 
(43) V| p°,u(p?;p,m)|=V(p,m) 


We shall also consider the problem of deriv- 
ing the compensating (and equivalent) vari- 
ations in the two cases we have considered 
in which the generalized compensating vari- 
ation is an i aad measure of welfare 
change. 


A. The Case of Homothetic Preferences 


Let preferences be homothetic, and con- 
sider first the case in which income is equal 
to a constant, m> 0. Defining the function f 
by (8), we see from the homotheticity of R 
and the definition (12) of g that 
(44) 

hi( p, mi) = mh4( p, 1)= Tepat) 

u(p;p°, m 2 


_ Using (13) we then verify that the function 


(47) 


(48) S=- 
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F(-; m) defined by 
(45) F(p; mi) = in log m- logu( p; p°, m°) 


is a potential function for the line integral of 


f=(f',f?,...,f) with respect to p(-), 
where f/( p= f’(p, m). It follows, therefore, 
that the Marshallian consumer’s surplus (9) 
corresponding to a path from «(0)=(p', M) 
to w(1)=(p”, m) is equal tols 


(46) — RATORI TO 


=m] log wp ; p°, m°) —log wp’; p°, m?) | 


On the other. hand, the corresponding 
change in the generalized compensating 


‘variation (17), or equivalently, the Hicksian 


consumer’s surplus (20) corresponding to a - 


path from «(0)=(p', m) to w(1)=(p’, M), 


iS 
-2 f 'g/| p(t); p°, m° | dp,(t) 


=ji(p'; p°, m°) —u( p°; p°, m?) 


Suppose now that, m? =M, and consider the 
case in which p and p’ in (46) and (47) are 
replaced by p and p’, respectively. Denote 
the corresponding Marshallian consumer’s 
surplus (9) by 


f h| p(t), m "la(e) 

and the. EN E N equivalent and com- 
pensating variations (14) and (16) by 

(49) B= E(p°sp', m°) 

and C=C(p'; p’, m?) 

Then using M3 and (30) we see from (46), 


lé Despite appearances, the Marshallian consumer’s 
surplus does not depend on the choice of base budget 
(p°, m°); such lack of dependence is precisely what is 
asserted by the functional equaticn (29). 
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(47), (14), and (16) that 

(50) E/m°=e3/™ —] 
and C/m?=1—e7S/”" 


Thus, the equivalent and compensating vari- 


ations can both be derived uniquely from — 


the consumer’s surplus, and all three cor- 
rectly represent the indirect preferences of 
(p!, m?) over (p°, m°). Considering E and 
C in (50) as functions of S, by expanding in 
a Taylor’s series around S=0 to one term 
we obtain the first-order approximations (as 
S->»0) 

(51) E=S+0(S) C=S+o0(S) 
Moreover, by well-known properties of the 
exponential function we have C<.S<E for 
0<S/m°<1 (compare Hicks, 1956, p. 82). 
Note that while, m accordance with Robert 
Willig’s results, both C and E can be ap- 
proximated by S (if S is sufficiently small), 
they can be computed exactly. Moreover, S 
itself in this case is an acceptable measure 
of welfare change. 

An alternative way of deriving C and E, 
in fact the generalized compensating and 
equivalent variations, is, however, available. 
We may verify that if the function w is 
defined by 


(52) w(p, m) a —m~"h'(p, m) 


= —hi(p,1) 
___ g(p;p®, m°) 
~—— p(p;p°, m°) 
(j=1,2,..., n) 
w"tl(p, m)=m7) 
then the line integral of w with respect to w 


is path independent and has the potential 
function 


(53) W(p,m)= logm— log p(p;p®, m°) 
= log Vip, m) 
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where V is defined by (23). In view of (30), 
the generalized equivalent and compensat- 
ing variations (15) and (17) are obtained 
from (53) by 


(54) (p, m)=m| ePm] ] 
and ¥(p,m)=m| 1—67 | 


Use of the integrand (52) is superior to use 
of (44) in that (52) furnishes an acceptable 
integral measure of welfare change without 
the need to assume that m is fixed. The line 
integral of (52), which is an increment of 
(53), may be considered a generalization of 
the Marshallian consumer’s surplus, since it 
differs from that of (8) by the fact that the 
integrand has been multiplied by the ap- 
propriate integrating factor dlogV/dm= 
1/m, where V is given by (23) (compare 
O). 

Turning now to the system (42), there are 
two ways in which one could proceed to 
derive p(p°;p,m). One would be to in- 
tegrate (52) to get (53) and thence Q3) i in 
order to obtain the function p(-, p°, m°), 
and then make use of the fact that 
du( p’; p, m)/Im=m°/p(p; p°, m°) by (30); 
one | would finally integrate (42) to get 
(p°; p, m). Alternatively, however, we may 
observe from (30) and (53) that p(p°; p, m) 
=m? exp W( p, m) (see (54)), so the process 
of taking the line integral of (42) may be 
bypassed; one can instead take the line in- 
tegral of (52) and apply the above transfor- 
mation. 

If, as is often the case in current econo- 
metric practice, one has a parametric form 
for an indirect utility function V, used to 
derive and estimate the demand function h 
via (6), the resulting parameter estimates 
will immediately enable one to estimate V. 
Assuming V to be homogeneous of moe 
one in m, one then obtains Vo from (43 if 
the formula a( p°; p, m)= Vp, m)/V(p',1 


B. The Case of Parallel Preferences 
Let preferences be parallel with respect to 


commodity 1. Consider first the case in 
which the price of commodity I is equal to a 


946 THE AMERICAN ECONOMIC REVIEW 


constant, p,>0. In this case, defining the 
function f by (8), we see from (34) that 


(55) hp), d,» m)=g}({ Disg; p°, m°) 
for ;=2,3,...,n 


where q=( P3, P3,---, P,,), hence the line in- 
tegral of f=(f2, f3,..., f"*") with respect 


to [9(-), m(-)}, where Ka, m)=f"(P,,q, m) 
for j=2,3,...,n and f”t (gq, m)=1, has the 
potential function F( p,-) defined by 


(56) F( P,» q; m) =m—p( Dy, q: p°, m°) ; 
Accordingly, the Marshallian consumer’s 


surplus corresponding to a path, from w(0)= 
(B,,q', m') to w(1)=(p,, g, m°} is 


57) = > [WL a. a), mC] dal) 
j=2"0 
+m°’—-m =m°—a( p,q; p°, m°) 


—m'+p(p,,9q'; p’ m’) 
which is precisely the same as the increment 
in the generalized compensating variation 
(17); and if p,=p%, it is also (by virtue of 
(41)) precisely equal to the increment in the 
. generalized equivalent variation £15). In this 
case, therefore, all three measures coincide 
and no approximations are needed." 

As in the homothetic case, however, one 
can improve upon the above procedure, as 
follows. Define the function v by 


(58) v'(p,m)=—(p,) ‘h'(p, m) 


=—(p,)" |m- 3 2 Pitt co) 


v/(p,m)= -(p) h}( p,m) 
=— (p) n (p) 
for j=2,3,...,n 


op, m)=(p,) 


17This is the case of Hicks’ (1956) zero “income 
effect,” or equivalently, E. J. Mishan’s zero “welfare 
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for m>v(p)==/_,p,n'(p), where v and n 
are defined by (35) and (36), respectively. 
Then the line integral of » with respect to w 
is independent of path and has the potential 
function (32). In view of (41), the gener- 
alized equivalent and compensating varia- 
tions are obtained from (32) by 


(59) ®( p,m) =p} (p,m) 


and F(p, m)=p,V( p,m) 


Use of the integrand (58% is superior to use 
of (8) in that it furnishes an acceptable 
integral measure of welfare change without 
the need to assume that p, is constant. The 
line integral of (58), which is an increment 
of (32), is a generalization of the Marshall- 
jan consumer’s surplus since it differs from 
the line integral of (8) bw the fact that the 
integrand has been multiplied by the ap- 
propriate integrating factor av / Om= 1 /p,. 
Turning to (42), since au(p®: p, m) /om= 
PY /P by (41), the function v of (42) is just a 
multiple p? of the function v of (58), and no 
problems present themselves at all; the 
function V o can be estimated directly from 


(41), as a linear transformation of the poten- 


tial function for (58). 

If we are given an indirect utility func- 
tion V with the property V(p,m+Ap,)= 
Vip, m)+A, one readily obtains V,, from 
(43) by a(p°;p, m)=pF(p, m) +> p°) — 

pp”, v(p )) 


C. The General Case 


Formulas (54) and (59) above show that 
in the two cases which we have examined in 
this paper in which the generalized com- 
pensating variation is an acceptable mea- 


effect”; see John Currie, John Murphy, and Andrew 


Schmitz, p. 762. In Hicks’ words: “In order that the 
Marshall measure of consumer’s surplus should be a 
good measure, one thing alone is needful—that the 
income effect should be small” (1956, p. 177). As we 
have seen, the same is true of the Hicks measure. 
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sure of welfare change,'® the generalized 
compensating and equivalent variations can 


both be derived from the demand function ` 


. by means of an appropriate modification of 
-consumer’s surplus, or even more directly, 
without the need for any approximations. In 
general, unless one’s interest were limited to 
ordinal comparisons | of budgets (p, m) with 
the base budget (p°, m°), or to computa- 
tions of actual taxes or subsidies needed as 
compensation, there would be no point in 
trying to compute, let alone approximate, 
the generalized compensating variation; !? 
but the problem of computing (or ap- 
proximating) the generalized equivalent 
variation, or—what amounts to the same 
thing— the Hurwicz-Uzawa income-com- 
pensation function (11), remains as interest- 
ing as bẹfore. 

In some cases, a simple solution via (43) is 
available. For example, if demand is gener- 
ated by a special form of the “translog” 
indirect utility function given by (see Dale 
Jorgenson, Lawrence Lau, and Thomas 


18t should be mentioned that these cases (homo- 
thetic preferneces and constant income, and parallel 
preferences and constant price of the numeraire) are 
certainly not the only ones in which the generalized 
compensating variation is an acceptable measure of 
` welfare change. Suppose we consider the textbook case 
in which one price (say that of commodity 1) varies 
while all other prices and income remain constant. For 
the generalized compensating variation to be an 
acceptable measure of welfare change in this case we 
require 


(ri. 9, m)R*(pi 7, m) 
iff m—p( pl, ĝ;p’, sl a Cat G;p°,m°) 


Since p is an increasing function of h (by (13), the 
criterion is equivalent to p!<p?. Since a fall in one 
price necessarily enlarges the budget set, this property 
of R° holds automatically and no restrictions on prefer- 
ences are required. The common practice of conducting 
theoretical analysis in terms of this one case may help 
explain why greater attention has nto been paid in the 
literature ot the constraints on preferences that need to 
be imposed for the conventional measures of welfare 
change to be acceptable in our sense. — 

Yf one is really interested only in ordinal compari- 
son of a budget (p, m) with the base budget (p°, m°), 
it is difficult to see why one would seek a particular 
cardinal indicator for this purpose. 
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Stoker) 

(60) log V( p, m) = (log p)'| a+ 4B log p| 
—(logm)'[ a— Blog p] 

where (log p)'=(log pı log p>;..., log p,) 


and «’=(1,1,...,1), and a is a column vector 
and B a matrix, one obtains immediately 


(61) 
logu( p°; p,m)= { (dog p°)'| a+3B log.p° | 


—(log py | a+ 5B log p | 
+ (log m)i'[ a~ Blog p}} 


Jela- Blog p?] 


In contrast, suppose one chooses a para- 
metric form for the indirect utility function 
such as the indirect addilog of Hendrick 
Houthakker: ?? 


6) V(p,m)= Z a)" 


i=1 


(a,20,0<8 <1) 


From the Antonelli equations (6) we obtain 


the demand functions 
a ,B;m*ip; ®7 1 
n 


>, a, Bm? Ip; 
i=] 


(63) h(p,m)= 


Gn 1,2,...52) 


(These do not exhibit unitary income elastic- 
ity as long as the B; are distinct.) Once 
estimates of the 2n parameters a,, 8, have 
been obtained from the data, the function- 
(62) can be estimated directly.”! In this case 


2° This case has been discussed by Hause, p. 1161. 

2!1Qne could of course also compute the marginal 
utility of income by which one should multiply (63) so 
as to furnish the appropriate line integral, but this 
would be unnecessary. 
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one does not generally obtain a closed-form 
relationship between V and V,9.~ However, 
as an indicator of welfare V would surely be 
more reliable than an approximation via 
Marshallian consumer’s surplus of the gen- 
eralized equivalent variation (15). 

If there are strong reasons for preferring a 
money measure of indirect utility (and the 
history of the subject tells us that this is 
undoubtedly the case),”> what is needed is a 
practical way to compute the function 
u(p®;-,-) given the demand functions h’ 
(which are estimated so as to satisfy the 
Slutsky integrability conditions) or given an 
indirect utility function generating those de- 
mand functions. The theoretical possibility 
of computing such a function is not in ques- 
tion: its existence was proved by Hurwicz 
and Uzawa. Ali that is needed is a practical 
algorithm. 


22Qne might nevertheless be able to obtain a good 
numerical approximation by use of (43), and this would 
presumably be a more straightforward and accurate 
method than one based on approximations of the type 
obtained by Willig. 

See AAA (1974) and Abram Bergson for 
discussions of this point. 
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Scale Economies, Product Differentiation, 
and the Pattern of Trade 


By PAUL KRUGMAN* 


For some time now there has been con- 
siderable skepticism about the ability of 
comparative cost theory to explain the ac- 
tual pattern of international trade. Neither 
the extensive trade among the industrial 
countries, nor the prevalence in this trade of 
two-way exchanges of differentiated prod- 
ucts, make much sense in terms of standard 
theory. As a result, many people have con- 
cluded that a new framework for analyzing 
trade is needed.! The main elements of such 
a framework—economies of scale, the pos- 
sibility of product differentiation, and im- 
perfect competition—-have been discussed 
by such authors as Bela Balassa, Herbert 
Grubel (1967, 1970), and Irving Kravis, and 
have been “in the air” for many years. In 
this paper I present a simple formal analysis 
which incorporates these elements, and show 
how it can be used to shed some light on 
some issues which cannot be handled in 
more conventional models. These include, 
in particular, the causes of trade between 
economies with similar factor endowments, 
and the role of a large domestic market in 
encouraging exports. 

The basic model of this paper is one in 
which there are economies of scale in pro- 
duction and firms can costlessly differenti- 
ate their products. In this model, which is 
derived from recent work by Avinash Dixit 
and Joseph Stiglitz, equilibrium takes the 
form of Chamberlinian monopolistic com- 
petition: each firm has some monopoly 
` power, but entry drives monopoly profits to 
_ zero. When two imperfectly competitive 
economies of this kind are allowed to trade, 
increasing returns produce trade and gains 


*Yale University and Massachusetts Institute of 
Technology. : SOD 

1A paper which points out the difficulties in explain- 
ing the actual pattern of world trade in a comparative 
cost framework is the study of Gary Hufbauer and 
John Chilas. 
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from trade even if the economies have iden- 
tical tastes, technology, and factor endow- 
ments. This basic model of trade is pre- 
sented in Section I. It is closely related to a 
model I have developed elsewhere; in this 
paper a somewhat more restrictive formula- 
tion of demand is used to make the analysis 
in later sections easier. 

The rest of the paper is concerned with 
two extensions of the basic model. In Sec- 
tion II, I examine the effect of transporta- 
tion costs, and show that countries with 
larger domestic markets will, other things 
equal, have higher wage rates. Section III 
then deals with “home market” effects on 
trade patterns. It provides a formal justifica- 
tion for the commonly made argument that 
countries will tend to export those goods for 
which they have relatively large domestic 
markets. 

This paper makes no pretense of general- 


‘ity. The models presented rely on extremely 


restrictive assumptions about cost and util- 
ity. Nonetheless, it is to be hoped that the 
paper provides some useful insights into 
those aspects of international trade which 
simply cannot be treated in our usual 
models. 


I. The Basic Model 
A. Assumptions of the Model 


There are assumed to be a large number 
of potential goods, all of which enter sym- 
metrically into demand. Specifically, we as- 
sume that all individuals in the economy 
have the same utility function, 


(1) U=3 ce? 0<0<1 


where c; is consumption of the ith good. 
The number of goods actually produced, n, 
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will be assumed to be large, although smaller 
than the potential range of products.” 

There will be assumed to be only one 
factor of production, labor. All goods will 
be produced with the same cost function: 


(2) l;=a+ Bx; a, B>0 


i=1,...,n 


where 7, is labor used in producing the ith 
good and x; is output of that good. In other 
words, I assume a fixed cost and constant 
marginal cost. Average cost declines at all 
levels of output, although at a diminishing 
rate. 

Output of each good must equal the sum 
of individual consumptions. If we can iden- 
tify individuals with workers, output must 
equal consumption of a representative indi- 
vidual times the labor force: 
(3) x= Le, i=1,...,n 

We also assume full employment, so that 
the total labor force must just be exhausted 
by labor used in production: 


(4) ie > (a+ Bx) 


I 


Finally, we assume that firms maximize 
profits, but that there is free entry and exit 
of firms, so that in equilibrium profits will 
always be zero. 


B. Equilibrium in a Closed Economy 


We can now proceed to analyze equi- 
librium in a closed economy described by 
the assumptions just laid out. The analysis 
proceeds in three stages. First I analyze con- 
sumer behavior to derive demand functions. 
Then profit-maximizing behavior by firms is 
derived, treating the number of firms as 
given. Finally, the assumption of free entry 
is used to determine the equilibrium number 
of firms. 


2To be fully rigorous, we would have to use the 
concept of a continuum of potential products. 
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The reason that a Chamberlinian ap- 
proach is useful here is that, in spite of 
imperfect competition, the equilibrium of 
the model is determinate in all essential 
respects because the special nature of de- 
mand rules out strategic interdependence 
among firms. Because firms can costlessly 
differentiate their products, and all products 
enter symmetrically into demand, two firms 
will never want to produce the same prod- 
uct; each good will be produced by only one 
firm. At the same time, if the number of 
goods produced is large, the effect of the 
price of any one good on the demand for 
any other will be negligible. The result is 
that each firm can ignore the effect of its 
actions on other firms’ behavior, eliminating 
the indeterminacies of oligopoly. 

Consider, then, an individual maximizing 
(1) subject to a budget constraint. The first- 
order conditions from that maximum prob- 
lem have the form 


(5) Oc? '=Ap, i=1,...,n 


where p; is the price of the ith good and À is 
the shadow price on the budget constraint, 
that is, the marginal utility of income. Since 
all individuals are alike, (5) can be re- 
arranged to show the demand curve for the 
ith good, which we have already argued is 
the demand curve facing the single firm 
producing that good: . 


(6) py=OA7"(x,/L)" 
N 

Provided that there are a large number of 
goods being produced, the pricing decision 
of any one firm will have a negligible effect 
on the marginal utility of income. In that 
case, (6) implies that each firm faces a de- 
mand curve with an elasticity of 1/(1—9), 
and the profit-maximizing price is therefore 


i=l,....” 


(7) p:=07 Bw 


i=1,...,n 


where w is the wage rate, and prices and 
wages can be defined in terms of any (com- 
mon!) unit. Note that since 0, B, and w are 
the same for all firms, prices are the same 
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for all goods and we can adopt the shorthand 
p=p; for all i. 

The price p is independent of output given 
the special assumptions about cost and util- 
ity (which is the reason for making these 
particular assumptions). To determine prof- 
itability, however, we need to look at out- 
put. Profits of the firm producing good / are 
(8) m=px;— {a+ Bx;}w i=1,...,n 

If profits are positive, new firms will en- 
ter, causing the marginal utility of income to 
rise and profits to fall until profits are driven 
to zero. In equilibrium, then 7 =0, implying 
for the output of a representative firm: 


(9) x;=a/(p/w-ß)=ab/B(-8) 
i=1,...,7 


Thus output per firm is determined by the 
zero-profit condition. Again, since a, 8, and 
ĝ are the same for all firms we can use the 
shorthand x =x; for all i. 

Finally, we can determine the number of 
goods produced by using the condition of 
full employment. From (4) and (9), we have 


L _ L(i-6) 


(9) d at Bx a 





C. Effects of Trade 


Now suppose that two countries of the 
kind just analyzed open trade with one 
another at zero transportation cost. To make 
the point most clearly, suppose that the 
countries have the same tastes and technolo- 
gies; since we are in a one-factor warld 


there cannot be any differences in factor ` 


endowments. What will happen? 

In this model there are none of the con- 
ventional reasons for trade; but there will 
nevertheless be both trade and gains from 
trade. Trade will occur because, in the pres- 
ence of increasing returns, each good (ie., 
each differentiated product) will be pro- 
duced in only one country—-for the same 
reasons that each good is produced by only 
one firm. Gains from trade will occur be- 
cause the world economy will produce a 
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greater diversity of goods than would either 
country alone, offering each individual a 
wider range of choice. 

We can easily characterize the world 
economy’s equilibrium. The symmetry of the 
situation ensures that the zwo countries will 
have the same wage rate, and that the price 
of any good produced in either country will 
be the same. The number of goods pro- 
duced in each country can be determined 
from the full-employment condition 


(11) n=L(1—@)/a;  n*=L*(1—0)/a 


where L* is the labor force of the second: 
country and n* the numter of goods pro- 
duced there. 

Individuals will still maximize the utility 
function (1), but they will now distribute 
their expenditure over both the n goods pro- 
duced in the home country and the n* goods 
produced in the foreign country. Because of 
the extended range of choice, welfare will 
increase even though the “real wage” w/p 
(i.e., the wage rate in terms of a representa- 
tive good) remains unchanged: Also, the 
symmetry of the problem allows us to de- 
termine trade flows. It is apparent that indi- 
viduals in the home country will spend 
a fraction n*/(n+n*) of their income on 
foreign goods, while fore:gners spend n/ 
(n+n*) of their income on home country 
products. Thus the value of home coun- 
try imports measured in wage units is Ln* / 
(n+n*)=LL*/(L+L*). This equals the 
value of foreign country imports, confirming 
that with equal wage rates in the two 
countries we will have balance-of-payments 
equilibrium. 

Notice, however, that while the volume of 
trade is determinate, the direction of trade— 
which country produces which goods—is 
not. This indeterminacy seems to be a gen- 
eral characteristic of models in which trade 
is a consequence of economies of scale. One 
of the convenient features of the models 
considered in this paper is that nothing im- 
portant hinges on who produces what within 
a group of differentiated products. There is 
an indeterminacy, but it doesn’t matter. This 
result might not hold up in less special 
models. 
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Finally, I should note a peculiar feature 
of the effects of trade in this model. Both 
before and after trade, equation (9): holds; 
that is, there is no effect of trade on the 
scale of production, and the gains from trade 
come solely through increased product di- 
versity. This is an unsatisfactory result. In 
another paper I have developed a slightly 
different model in which trade leads to an 
increase in scale of production as well as an 
increase in diversity.? That model is, how- 
ever, more difficult to work with, so that it 
seems worth sacrificing some realism to gain 
tractability here. 


II. Transport Costs 


In this section I extend the model to allow 
for some transportation costs. This is not in 
itself an especially interesting extension al- 
though the main result—that the larger 
country will, other things equal, have the 
higher wage rate—is somewhat surprising. 
The main purpose of the extension is, how- 
ever, to lay the groundwork for the analysis 
of home market effects in the next section. 
(These effects can obviously occur only if 
there are transportation costs.) I begin by 
describing the behavior of individual agents, 
then analyze the equilibrium. 


A. Individual Behavior 


Consider a world consisting of two 
countries of the type analyzed in Section J, 
able to trade but only at a cost. Transpor- 
tation costs will be assumed to be of the 
“iceberg” type, that is, only a fraction g of 
any good shipped arrives, with 1—g lost in 
‘transit. This is a major simplifying assump- 
tion, as will be seen below. 


3To get an increase in scale, we must assume that 
the demand facing each individual firm becomes more 
elastic as the number of firms increases, whereas in this 
model the elasticity of demand remains unchanged. 
Increasing elasticity of demand when the variety of 
products grows seems plausible, since the more finely 
differentiated are the products, the better substitutes 
they are likely to be for one another. Thus an increase 
in scale as well as diversity is probably the “normal” 
case. The constant elasticity case, however, is much 
easier to work with, which is my reason for using it in 
this paper. 
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An individual in the home country will 
have a choice over n products produced at 
home and n* products produced abroad. 
The price of a domestic product will be the 
same as that received by the producer p. 
Foreign products, however, will cost more 
than the producer’s price; if foreign firms 
charge p*, home country consumers will 
have to pay the c.i.f. price p* =p*/g. Simi- 
larly, foreign buyers of domestic products 
will pay p=p/g. 

Since the prices to consumers of goods of 
different countries will in general not be 
the same, consumption of each imported 
good will differ from consumption of each 
domestic good. Home country residents, for 
example, in maximizing utility will consume 
(p/p*)/"-® units of a representative im- 
ported good for each unit of a representa- 
tive domestic good they consume. 

To determine world equilibrium, however, 
it is not enough to look at consumption; we 
must also take into account the quantities of 
goods used up in transit. If a domestic resi- 
dent consumes one unit of a foreign good, 
his combined direct and indirect demand is 
for 1/g units. For determining total de- 
mand, then, we need to know the ratio of 
total demand by domestic residents for each 
foreign product to demand for each domestic 
product. Letting o denote this ratio, and 
o* the corresponding ratio for the other 
country, we can show that 


(12) o=(p/pty/O-g%/0- 


R a) ak 
o* =(p/p*) 1/( )g9/(1 8) 


The overall demand pattern of each indi- 
vidual can then be derived from the require- 
ment that his spending just equal his wage; 
that is, in the home country we must have 
(np -+on* p*)d=w, where d is the consump- 
tion of a representative domestic good; and 
similarly in the foreign country. 

This behavior of individuals can now be 
used to analyze the behavior of firms. The 
important point to notice is that the elastic- 
ity of export demand facing any given firm 
is 1/(1 — 0), which is the same as the elastic- 
ity of domestic demand. ‘Thus transportation 


954 THE AMERICAN ECONOMIC REVIEW 


costs have no effect on firms’ pricing policy; 
and the analysis of Section I can be carried 
out as before, showing that transportation 
costs also have no effect on the number of 
firms or output per firm in either country. 

Writing out these conditions again, we 
have | 


(13) p=wB/8; p*=w*B/9 
n=L(1—8)/a; n*=L*(1—0)/a 


The only way in which introducing 

transportation costs modifies the results of 
Section I is in allowing the possibility that 
wages may not be equal in the two countries; 
the number and size of firms are not af- 
fected. This strong result depends on the 
assumed form of the transport costs, which 
shows at the same time how useful and how 
special the assumed form is. 


B. Determination of Equilibrium 


The model we have been working with 
has a very strong structure—so strong that 
transport costs have no effect on either the 
numbers of goods produced in the countries, 
n and n*, or on the prices relative to wages, 
p/w and p*/w*. The only variable which 
can be affected is the relative wage rate 
w/w*=w, which no longer need be equal to 
one. 

We can determine w by looking at any 
one of three equivalent market-clearing con- 
ditions: (i) equality of demand and supply 
for home country labor; (ii) equality of de- 
mand and supply for foreign country labor; 
(iti) balance-of-payments equilibrium. It will 
be easiest to work in terms of the balance of 
payments. If we combine (12) with the other 
- equations of the model, it can be shown that 
the home country’s balance of payments, 
measured in wage units of the other country, 
is 


o*nw _on* 
14) B= ——— L* — ——__oL 
a ) o*n+n* nt+on* 


=oLL*| oe -z5r | 
o*L+L* L+oaL* 
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FIGURE I 


Since o and o* are both functions of 
p/p* =, the condition B=0 can be used to 
determine the relative wage. The function 
B(w) is illustrated in Figure 1. The relative 
wage © is that relative wage at which the 
expression in brackets in (4) is zero, and at 
which ‘trade is therefore Ealanced. Since ø is 
an increasing function of w and o* a de- 
creasing function of w, B(w) will be nega- 
tive (positive) if and only if w is greater 
(less) than w, which shows that @ is the 
unique equilibrium relative wage. 

We can use this result to establish a sim- 
pie proposition: that the larger country, other 
things equal, will have the higher wage. To 
see this, suppose that we were to compute 
B(w) for w= 1. In that case we have o=0* < 
1. The expression for the balance of pay- 
ments reduces to . 


l ] 
i Faye ary 


But (14’) will be positive if L> L*, negative 
if L<L*. This means that the equilibrium 
relative wage w must be greater than one if 
L>L*, less than one if L< L*. 

This is an interesting result. In a world 
characterized by economies of scale, one 
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would expect workers to be better off in 
larger economies, because of the larger size 
of the local market. In this model, however, 
there is a secondary benefit in the form of 
better terms of trade with workers in the rest 
of the world. This does, on reflection, make 
intuitive sense. If production costs were the 
same in both countries, it would always be 
more profitable to produce near the larger 
market, thus minimizing transportation 
costs. To keep labor employed in both 
countries, this advantage must be offset by a 
wage differential. 


Il. “Home Market” Effects on the Pattern 
of Trade 


In a world characterized both by increas- 
ing returns and by transportation costs, there 
will obviously be an incentive to con- 
centrate production of a good near its largest 
market, even if there is some demand for 
the good elsewhere. The reason is simply 
that by concentrating production in one 
place, one can realize the scale economies, 
while by locating near the larger market, 
one minimizes transportation costs. This 
point—which is more often emphasized in 
location theory than in trade theory—is the 
basis for the common argument that coun- 
tries will tend to export those kinds of prod- 
ucts for which they have relatively large 
domestic demand. Notice that this argument 
is wholly dependent on increasing returns; 
in a world of diminishing returns strong 
domestic demand for a good will tend to 
make it an import rather than an export. 
But the point does not come through clearly 
in models where increasing returns take the 
form of external economies (see W. M. 
Corden). One of the main contributions of 
the approach developed in this paper is that 
by using this approach the home market can 
be given a simple formal justification. 

I will begin by extending the basic closed 
economy model to one in which there are 
two industries (with many differentiated 
products within each industry). It will then 
be shown for a simple case that when two 
countries of this kind trade, each will be a 
net exporter in the industry for whose prod- 


KRUGMAN: PATTERN OF TRADE 955 


ucts it has the relatively larger demand. Fi- 
nally, some extensions and generalizations 


. will be discussed. 


A. A Two-Industry Economy 


As in Section I, we begin by analyzing a 
closed economy. Assume that there are two 
classes of products, alpha and beta, with 
many potential products within each class. 
A tilde will distinguish beta products from 
alpha products; for example, consumption 
of products in the first class will be rep- 
resented as c,,...,c, While consumption of 
products in second are ¢),..., é,. 

Demand for the two classes of products 
will be assumed to arise from the presence 
of two groups in the population.* There will 
be one group with Z members, which de- 
rives utility only from consumption of alpha 
products; and another group with Z mem- 
bers, deriving utility only from beta prod- 
ucts. The utility functions of representative 
members of the two classes may by written 


(15) U= c; =Z% 0<0<1 
i J 


For simplicity assume that not only the form 
of the utility function but the parameter @ is 
the same for both groups. 

On the cost side, the two kinds of prod- 
ucts will be assumed to have identical cost 
functions: 


(16) l =a+ßx; 


wn 


‚=a + Bx, j#l,...,8 


where, /;, l, are labor used in production on 
typical goods in each class, and x,, X; are 
total outputs of the goods. 

The demand conditions now depend on 
the population shares. By analogy with (3), 


An alternative would be to have all people alike, 
with a taste for both kinds of goods. The results are 
similar. In fact, if each industry receives a fixed share 
of expenditure, they will be identical. 
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we have 
(17) x,;=Le; i=1,...,n 
%,=Lé, j=1,...,8 


The full-employment condition, however, 
applies to the economy as a whole: 


(18) 2 L+ SG=L+L 


Finally, we continue to assume free entry, 
driving profits to zero. Now it is im- 
mediately apparent that the economy de- 
scribed by equations (15)—(18) is very simi- 
lar to the economy described in equations 
(1)—(4). The price and output of a repre- 
sentative good—-of either class—and the 
total number of products n+ñ are de- 
termined just as if all goods belonged to a 
single industry. The only modification we 
must make to the results of Section I is that 
we must divide the total production into two 
industries. A simple way of doing this is to 
note that the sales of each industry must 
equal the income of the appropriate group 
in the population: 


(19) npx=wL; Apx=wL 


But wages of the two groups must be 
equal, as must the prices and outputs of any 
products of either industry. So this reduces 
to the result n/i=L/L: the shares of the 
industries in the value of output equal the 
shares of the two demographic groups in the 
population. 

This extended model clearly differs only 
trivially from the model developed in Sec- 
tion I when the economy is taken to be 
closed. When two such economies are al- 
lowed to trade, however, the extension al- 
lows some interesting results. 


B. Demand and the Trade Pattern: 
A Simple Case 


We can begin by considering a particular 
case of trade between a pair of two-industry 
countries in which the role of the domestic 
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market appears particularly clearly. Suppose 
that there are two countries of the type just 
described, and that they can trade with 
transport costs of the type analyzed in Sec- 
tion II. 

In the home country, some fraction f of 
the population will be consumers of alpha 
products. The crucial simplification I will 
make is to assume that the other country is 
a mirror image of the home country. The 
labor forces will be assumed to be equal, so 
that 


(20) L+L=L*+L*=L 


But in the foreign country the population 
shares will be reversed, so that we have 


(21) L=fL; L*=(1-f)L 


If f is greater than one-half, then the home 
country has the larger domestic market for 
the alpha industry’s products; and con- 
versely. In this case there is a very simple 
home market proposition: that the home 
country will be a net exporter of the first 
industry’s products if f>0.5. This proposi- 
tion turns out to be true. 

The first step in showing this is to notice 
that this is a wholly symmetrical world, so 
that wage rates will be equal, as will the 
output and prices of all goods. (The case 
was constructed for that purpose.) It follows 
that the ratio of demand for each imported 
product to the demand for each domestic 
product is the same in both countries. 


(22) o=0*=g0-9<] 


Next we want to determine the pattern of 
production. The expenditure on goods in an 
industry is the sum of domestic residents’ 
and foreigners’ expenditures on the goods, 
so we can write the expressions 


on 











n 
23 x= wLt+ wL* 
( ) np n+on* on-+n* 
* n* L* 
n = —— WL + w 
P n+on* on+ n* 


where the price p of each product and the 
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FIGURE 2 


output x are the same in the two countries. 
We can use (23) to determine the relative 
number of products produced in each 
country, n/n*. 

To see this, suppose provisionally that 
some products in the alpha industry are pro- 
duced in both countries; i.e., n>0, n*>0. 
We can then divide the equations (23) 
through by n and n*, respectively, and re- 
arrange to get 


(24) L/L*=(n+on*) /(on+n*) 


which can be rearranged to give 


sa L/L*-«a 
(25) ii 1—oL /L* 

Figure 2 shows the relationship (25). If 
L/L*=1, so does n/n*; that is, if the de- 
mand patterns of the two countries are the 
same, their production patterns will also be 
the same, as we would expect. And as the 
relative size of either country’s home market 
rises for alpha goods, so does its domestic 
production, as long as L/L* lies in the 
range o < L/L* >1/o. 

Outside that range, (25) appears to give 
absurd results. Recall, however, that the de- 
rivation of (24) was made on the provisional 
assumption that n and n* were both non- 
zero. Clearly, if L/L* lies outside the range 
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from ø to 1/o, this assumption is not valid. 
What the figure suggests is that if L/L* is 
less than o, n=0; the home country special- 
ized entirely in beta products, producing no 
alpha products (while the foreign country 
produces only alpha products). Conversely, 
if L/L* is greater than 1/o, n*=0, and we 
have the opposite pattern of specialization. 

We can easily demonstrate that this solu- 
tion is in fact an equilibrium. Suppose that 
the home country produced no alpha prod- 
ucts, and that a firm attempted to start 
production of a single product. This firm’s 
profit-maximizing f.o.b. price would be the 
same as that of the foreign firm’s. But its 
sales would be less, in the ratio 


o 'L+oL* 
L+L* 


Thus such a firm could not compete. 

This gives us our first result on the effect 
of the home market. It says that if the two 
countries have sufficiently dissimilar tastes 
each will specialize in the industry for which 
it has the larger home market. Obviously, 
also, each will be a net exporter of the class 
of goods in which it specializes. Thus the 
idea that the pattern of exports is de- 
termined by the home market is quite nicely 
confirmed. 

We also get some illuminating results on 
the conditions under which specialization 
will be incomplete. Incomplete specializa- 
tion and two-way trade within the two 
classes of products will occur if the relative 
size of the domestic markets for alpha goods 
lies in the range from o to 1/0, where o= 
g°/-9) But g measures transportation costs, 
while 9/(1—@) is, in equilibrium, the ratio 
of variable to fixed costs;> that is, it is an 
index of the importance of scale economies. 
So we have shown that the possibility of 
incomplete specialization is greater, the 
greater are transport costs and the less im- 
portant are economies of scale. 

A final result we can take from this spe- 
cial case concerns the pattern of trade when 


<1 


5One can see this by rearranging equation (9) to get 
Bx/a=0/(1—0). 
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specialization is incomplete. In this case each 
country will both import and export prod- 
ucts in both classes (though noi the same 
products). But it remains true that, if one 
country has the larger home market for al- 
pha producers, it will be a net exporter in the 
alpha class and a net importer in the other. 
To see this, note that we can write the home 
country’s trade balance in alpha products as 











on on* 
= wL*— wL 
(26) B, on+n* n+on* 
=w1+| on ON 
on+n* nton* L* 
owL* 
E on+n* [n—n*] 


where we used (24) to eliminate the relative 
labor supplies. This says that the sign of the 
trade balance depends on whether the num- 
ber of alpha products produced in the home 
country is more or less than the number 
produced abroad. But we have already seen 
that n/n* is an increasing function of L/L* 
in the relevant range. So the country with 
the larger home market for the alpha-type 
products will be a net exporter of those 
goods, even if specialization is not complete. 


C. Generalizations and Extensions 


The analysis we have just gone through 
shows that there is some justification for the 
idea that countries export what they have 
home markets for. The results were arrived 
at, however, only for a special case designed 
to make matters as simple as possible. Our 
next question must be the extent to which 
these results generalize. 

One way in which generalization might be 
pursued is by abandoning the “mirror 
image” assumption: we can let the countries 
have arbitrary populations and demand pat- 
terns, while retaining all the other assump- 
tions of the model. It can be shown that in 
that case, although the derivations become 
more complicated, the basic home market 
_ result is unchanged. Each country will be a 
net exporter in the industry for whose goods 
it has a relatively larger demand. The dif- 
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ference is that wages will in general not be 
equal; in particular, smaller countries with 
absolutely smaller markets for both kinds of 
goods will have to compensate for this dis- 
advantage with lower wages. 

Another, perhaps more interesting, gener- 
alization would be to abandon the assumed 
symmetry between the industries. Again, we 
would like to be able to make sense of some 
arguments made by practical men. For ex- 
ample, is it true that large countries will 
have an advantage in the production and 
export of goods whose production is char- 
acterized by sizeable economies of scale? 
This is an explanation which is sometimes 
given for the United States’ position as an — 
exporter of aircraft. 

A general analysis of the effects of asym- 
metry between industries would run to too 
great a length. We can learn something, 
howéver, by considering another special 
case. Suppose that the alpha production is 
the same as in our last analysis, but that the 
production of beta goods is characterized by 
constant returns to scale and perfect compe- 
tition. For simplicity, also assume that beta 
goods can be transported costlessly. 

It is immediately apparent that in this 
case the possibility of trade in beta products 
will ensure that wage rates are equal. But 
this in turn means that we can apply the 
analysis of Part B, above, to the alpha in- 
dustry. Whichever country has the larger 
market for the products of that industry will 
be a net exporter of alpha products and a 
net importer of beta products. In particular: 
if two countries have the same composition 
of demand, the larger country will be a net 
exporter of the products whose production 
involves economies of scale. | 

The analysis in this section has obviously 
been suggestive rather than conclusive. It 
rehes heavily on very special assumptions 
and on the analysis of special cases. None- 
theless, the analysis does seem to confirm 
the idea that, in the presence of increasing 
returns, countries will tend to export the 
goods for which they have large domestic 
markets. And the implications for the pat- 
tern of trade are similar to those suggested 
by Steffan Linder, Grubel (1970), and others. 
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Exchange Rates and the Current Account 


By RUDIGER DORNBUSCH AND STANLEY FISCHER* 


This paper develops a model of exchange 
rate determination that integrates the roles 
of relative prices, expectations, and the as- 
sets markets, and emphasizes the relation- 
ship between the behavior of the exchange 
rate and the current account. In its orienta- 
tion, it draws on and extends recent work, 
particularly by Pentti Kouri (1975; 1976), 
most closely. related to this paper, and also 
by Jacob Frenkel and Carlos Rodriguez, 
Robert Flood, Charles Wilson, and Dorn- 
busch (1975; 1976). 

Early theories of the exchange rate sin- 
gled out purchasing power parity or the 
current account as the chief determinants of 
the exchange rate. Work of a macro- 
economic orientation, in particular the in- 
fluential papers by Robert Mundell and J. 
Marcus Fleming, introduced capital mobil- 
ity as an important aspect of exchange rate 
determination and presented a first formula- 
tion of the assets market view. In this the- 
ory, the exchange rate achieves a level such 
that the goods market clears and money 
demand equals money supply at the prevail- 
ing level of income and world interest rates. 

‘ Extensions of this approach have em- 
phasized the possibility of international 
nominal interest differentials ansing from 
exchange rate expectations. Coupled with 
assumptions about the formation of ex- 
change rate expectations, in particular ra- 
tional expectations, these formulations have 
introduced the idea of exchange rate dy- 
namics and of overshooting arising from 
differential adjustment speeds in goods and 
assets markets. 

In a parallel development, exchange rate 
theory has been extended to reintroduce the 
current account as an important determi- 
nant of the exchange rate. In this perspec- 


*Massachusetts Institute of Technology. We are in- 
debted to George Borts and an anonymous referee for 
their suggestions. Financial support was provided by 
grants from the National Science Foundation. 
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tive, assets markets determine the exchange 


rate at a point in time, but the current 
account through its effect on net asset posi- 
tions, and therefore on assets markets, de- 
termines the path of the exchange rate over 
time. The introduction of rational expecta- 
tions merges the assets and current account 
theories of exchange rates because it can 
lead to a fully anticipated equilibrium path 
in which asset prices adjust in. part to reflect 
future current account developments. 

The present paper extends this literature 
in two respects. First we depart from the 
one-commodity model that has been used 
extensively. Instead we assume that the 
country to be analyzed produces a differ- 
entiated product, whose world relative price 
is endogenous. This is an important depar- 
ture from earlier models because the exten- 
sion implies that the behavior of the ex- 
change rate is not exclusively determined by 
the behavior of equilibrium real money de- 
mand via a strict purchasing power parity 
link. 

Our second extension, drawing on work 
by Fischer, Olivier Blanchard, and Wilson, 
is to consider the current effects of an- 
ticipated future disturbances. This question 
is important because it suggests patterns of 
exchange rate and current account behavior 
that do not flow from expectations-aug- 
mented current account models. 

Section I develops the basic model for the 
case of static expectations. The extension to 
perfect foresight is developed in Section II. 
Anticipated future disturbances are analyzed 
in Section III. Concluding comments are 
contained in Section IV. 


I, The Model with Static Expectations 


In this section we analyze a small open 
economy that trades in goods and securities 
with the rest of the world. The home country 
is at full employment, prices are flexible, 
and output is given. The world demand for 
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the home country’s product depends on the 
relative price or the terms of trade. In the 
import market, the home country is small in 
the sense that the world price of importables 
is given in terms of foreign exchange. 

The asset menu of our model is severely 
restricted so as to concentrate on essentials. 
Domestic residents can hold domestic 
money or foreign interest-earning bonds.' 
The foreign bonds are “real” bonds promis- 
ing to spay a unit of foreign output indefi- 
nitely.” The world interest rate is taken as 
given. 

Short-run equilibrium in this economy 
corresponds to an exchange rate and a 
domestic price level—a terms of trade and a 
real value of cash balances, equivalently — 
such that the money market clears and the 
market for domestic goods is in equilibrium. 
The equilibrium is contingent on a given 
stock of external assets, and in turn it de- 
termines- equilibrium saving and hence the 
current account imbalance and asset accu- 
mulation until a long-run equilibrium with a 
balanced current account is attained. 


A. Short-Run Equilibrium and Dynamics 


We start by setting out the basic model. 


Equilibrium in the money market obtains . 


when money demand, a function of income 
and the alternative cost of holding money is 
equal to the supply of money: 

(1) M=k(r*+x)[Pyt+eP*a] k'<0 
where M is the nominal money supply, r* 
and x are the given foreign interest rate and 
the anticipated rate of depreciation of the 
exchange rate, P is the price of domestic 
output, and y is domestic physical output. 
The term eP*a denotes the income from 
foreign bonds measured in terms of domestic 
currency, which is of course part of domestic 


1Without loss of generality, we exclude domestic 
holdings of foreign monies since they are dominated as 
securities by foreign interest-earning assets. 

2It is inevitable that a special case has ‘to be chosen 
—foreign bonds could be nominal or real, in domestic 
currency or foreign currency, in terms of domestic or 
foreign output. The choice does have implications for 
the results we derive. 
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income. Here e is the exchange rate, P* the 
given foreign price level, and a the number 
of income streams each yielding one unit of 
foreign output indefinitely. 

Dividing equation (1) by the domestic 
price of domestic output we nave one of our 
equilibrium conditions: 

(1) m=k[ y-+Aa];m=M/P;\=eP* /P 
where m and A denote the real value of 
money and the terms of trade, respectively. 
For the present we treat expected deprecia- 
tion as identically equal to zero so that in 
conjunction with the given foreign interest 
rate the opportunity cost of holding money 
is constant and so accordingly is k. 

In the goods market we assume that 
domestic demand for our output, D, is a 
function of the terms of trade A, and real 
wealth w. Foreign demand for our goods, X, 
is just a function of the terms of trade: 


(2) y=D(A,w)+X(A); D,, X,>0; D, >0 


where real wealth is the sum of the real 
value of cash balances plus the real value of 
external assets, \a/r*: 


(3) w=m+\a/r* 


An increase in the relative price of foreign 
goods (a rise in A) is assumed to shift de- 
mand toward domestic goods. An increase 
in wealth raises aggregate spending, part of 
which falls on domestic output thus raising 
demand. 

When the goods market clears, the cur- 
rent account equals the excess of income 
over spending. In our economy, without a 
government sector, taxes, or investment, the 
excess of income over spending is equal to 
saving. Saving is assumed to be a decreasing 
function of nonhuman wealth and an in- 
creasing function of labor income where the 
latter is by assumption constant and there- 
fore suppressed as an argument:? 


(4) S=S(w); S,<0 


3This saving behavior reflects the standard life 
cycle theory of saving and consumption. See Franco 
Modigliani. The reader will. note an asymmetry be- 
tween our money demand which is, along transactions 
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Finally we note that the current account 
surplus is equal to the rate at which the 
home country acquires claims on the rest of 
the world. Accordingly we can write 


(5) G/r*=S(w)/d 


This completes the formal model and we 
now proceed to show the determination of 
short-run equilibrium. 

We can solve (1’) for the equilibrium stock 
of real balances as an increasing function of 
the value of external assets: 


(1”) m=m(Aa) = m'>0 


_ An increase in the value of external assets 
raises real income, real money demand, and 
therefore, via a decline in the price level, the 
equilibrium real money stock. 

Having determined equilibrium real bal- 
ances, we can turn to the goods market 
where we determine the equilibrium terms 
of trade as a function of the given level of 
external assets, a. With real balances de- 
termined in (1”) real wealth is a function of 
the terms of trade and external assets. An 
increase in external assets a raises real wealth 
directly and via the induced change in real 
balances, There is accordingly an increase 
in demand for domestic output. To restore 
equilibrium the terms of trade must improve 
—, the relative price of imports, must de- 
cline. The decline in the terms of trade falls 
proportionately short of the increase in as- 
sets. Otherwise real wealth would be un- 
changed or rise so that the relative price 
decline via the substitution effect would 
leave an excess demand.* 


(6) A=A(a); N <0; p= —(a/A)dd/da<l 


demand lines, a function of income, and our saving 
function where wealth is a determinant. It is readily 
verified that introducing wealth rather than income as 
a determinant of money demand will not change the 
analysis. Income as the sole determinant of saving, on 
the contrary, would imply instability. 

*From equations (1’), (2), and (3), we can calculate 
the expression for the proportional change in the terms 
of trade induced by a change in assets: 


L (a/r*+ka) Dy 
o a D,a/r* +ka)+D, +X), 


Accordingly p= ~(a/A)dA/ da is less than unity in 
absolute value. 
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In Figure 1 we show as the GG schedule 
the relation between the equilibrium terms 
of trade and external assets. Moving down 
and along the schedule real wealth rises, 
raising demand. for domestic output and 
therefore requiring an offsetting increase in 
the relative price of domestic goods. 

We also show in Figure | the schedule 
a=0 along which the current account is in 
balance. The schedule is a rectangular hy- 
perbola since wealth is constant only for a 
given value of external assets. The schedule 
must cross the GG schedule from above. To 
the left of the @=0 schedule, real wealth is 
too low, saving is positive, and therefore 
assets are being accumulated. Conversely, to 
the right of the a=0 schedule, there is dis- 
saving and asset decumnulation through a 
current account deficit. 

At any point in time there exists an 
amount of external assets, say a,. Associ- 
ated with that asset position there is an 
equilibrium stock of real balances and a 
level of real wealth that determine spending, 
the equilibrium terms of trade A(a,), and 
the current account. At point Q, in Figure 
1, with assets a,, there is a current account 
surplus and asset accumulation. The accu- 
mulation will persist until we reach the 
steady-state level of assets @ where the cur- 
rent account achieves balance. 

Note particularly that, as the economy 
moves along GG, the current account is in 
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surplus (we are acquiring foreign assets). 
The terms of trade improve and with P* 
fixed, a current account surplus accompa- 
nies an appreciating exchange rate. 

To demonstrate the stability of the model 
formally, we observe the stability condition: 


då _ 


rm 
(7) ae = 


å 
s,(1 —ot x )+ ae 


As shown above, ¢ is less than one along 
the GG schedule so that stability is ensured 
in the neighborhood of the steady state. 


B. Comparative Statics 


The long-run equilibrium shown in Figure 
1 can be disturbed by changes in exports or 
the composition of domestic spending, on 
one side, or by changes in saving with corre- 
sponding increases in the level of spending 
on either domestic goods or imports. 


Consider first an increase in world de- © 


mand for our goods, a shift in the X(A) 
function in equation (2). At the initial 
equilibrium there is now an excess demand 
for domestic output, and accordingly, we 
require an improvement in the terms of 
trade, or a decline in wealth through re- 
duced external assets, to maintain market 
equilibrium. Thus in Figure 2 the GG sched- 
ule shifts to G’G’. The new long-run 
equilibrium is at £” with an improvement in 
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FIGURE 3 


the terms of trade and an increase in ex- 
ternal assets. 
- The adjustment process to the new equi- 
librium involves an immediate improvement 
in the terms of.trade to point E’, and at that 
point a current account surplus. The current 
account surplus leads to external asset accu- 
mulation and further improvement in the 
terms of trade until real wealth returns to its 
initial level at point Æ”. At E” the trade 
deficit, measured in terms of foreign 
goods, increases by the increase in a. In 
terms of domestic goods the deficit 1s equal 
to Aa and remains unchanged (between E 
and E”). | 

As an alternative disturbance we consider 
now an increase in imports arising from a 
reduction in saving. Assume that in terms of 
equation (4) we have a reduction in planned 
saving with a corresponding increase in im- 
port spending. In Figure 3 we show this as a 
leftward shift of the zero saving schedule. 
We now require lower external assets to 
maintain zero saving. The new long-run 
equilibrium at point E’ is one with a decline 
in external assets and a worsening of the 
terms of trade. The new equilibrium is 
reached through the current account deficit 
at point E that leads to external dissaving. 
The demand for domestic goods declines 
with the reduction in external assets, and 
domestic competitiveness has to be en- 
hanced through a decline in the relative 
price of domestic goods so as to maintain 
market equilibrium. : 
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C. Exchange Rate Behavior in the 
Adjustment Process 


We focus now on exchange rate move- 
ments in the adjustment process, and partic- 
ularly on the rélationship between the ex- 
change rate and the current account. It is 
apparent that the exchange rate is de- 
termined along with the general equilibrium 
in the goods and assets markets. We can 
study its behavior by starting from the defi- 
nition of the terms of trade, A\=eP*/P. 
Accordingly we can write the exchange rate 
as 


(8) e=AP/P*=|A/(M/P)|[ M/P*] 


Equilibrium A is determined from equa- 
tion (2) (and shown by the GG schedule) 
and, given y, is a function only of a. 
Equilibrium M/P is from (1’) a function of 
a and A, but since the latter is a function of 
a, M/P too may be taken to be a function 
only of a. Accordingly we can write the 
equilibrium exchange rate as a (dimin- 
ishing)° function of a: 


(9) 
FE merits A(a) * — a * 


J,<0 


Expanding (9) around the long-run equi- 
librium, we can write the linear approxima- 
tion: 


(10) e=ë+yla—ā); y=J,(M/P*) <0 


where the bar denotes long-run equilibrium 
values. Equation (10) shows that the equi- 
librium exchange rate is equal to the long- 
run equilibrium rate e, adjusted for the devi- 
ation of external assets from their steady- 
state level. 


>From (1”), (6), and (8), we have 





de/da= ~(e/a)| ¢+(1-6) us |<o 
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FIGURE 4 


The equilibrium exchange rate path is 
shown in Figure 4 as the EE schedule. The 
figure shows that for levels of external assets 
below the steady-state level @, such as at 
point B, the exchange rate is above its 
steady-state level e. Assets are accumulated 
as a moves up to a (from point B to point 
A), at the same time as e appreciates to e. 
Since asset accumulation takes place through 
a current account surplus, we have a current 
account surplus accompanying an appreciat- 
ing exchange rate in the adjustment process. 
This is in accordance with the popular view 
of the relation between the exchange rate 
and the current account.° 


H. Exchange Rate Expectations 
and the Adjustment Process 


In this section, we take account of expec- 
tations of inflation in their effect on velocity 
and thus on the terms of trade, the exchange 
rate, and the rate of accumulation. Once 
again, we are in a full-employment context. 
We start with the recognition that the alter- 
native assets are domestic money and for- 
eign assets. By assumption, goods are not 
storable. Thus the relevant alternative cost 
to money holders is the foreign interest rate 


‘It may be useful for the reader to go back to 
Figures 2 and 3 and confirm in those cases the relation- 
ship between the exchange rate and the current account 
specified in this paragraph. 
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FIGURE 5 


plus the anticipated rate of depreciation x. 
Given the foreign interest rate, velocity thus 
depends on the expected rate of deprecia- 
tion. We are interested now in describing 
the adjustment process once these expecta- 
tions, allowed to be rational, are taken into 
account, 

We shall eventually study the dynamic 
adjustment process in some detail. But we 
begin with the short-run (instantaneous) 
equilibrium of the economy, implied by 
equations (1”) and (2), the money and goods 
market equilibrium conditions, respectively. 
Note that now k=k(x)’ and that an in- 
crease in the anticipated rate of depreciation 
of our currency raises velocity or reduces k. 

The instantaneous equilibrium determines 
the terms of trade à and the stock of real 
balances m as functions of the stock of 
foreign assets a, and the expected rate of 
depreciation x. Figure 5 shows the money 
market equation (1’) and goods market 
equation (2) as the LM and JS curves, re- 
spectively. We repeat (1’) and (2) for con- 
venience: 


(19) m=k(x)[ y+Aa]; m=M/P 


(2) y=D(A, m+Aa/r*)+X(A) 


The LM curve is upward sloping since an 
increase in A increases income measured in 


7The variable k is actually a function of (r*+x) but 
we suppress 7* since it is assumed constant. 
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domestic goods, and increases the demand 
for money. The JS curve slopes downwards 
because an increase in A increases the de- 
mand for our output, and has therefore to 
be offset by a fall in m to maintain goods 
market equilibrium. 

The equilibrium at Æ depends, at any 
moment, on the values of a and x, in a 
manner we shall now examine. An increase 
in assets a increases the demand for money 
and moves the LM curve up to LM’; it also 
increases the demand for goods and there- 
fore moves the IS curve down to IS’ (a 
lower m is needed to maintain goods market 
equilibrium). The new equilibrium is at Æ”. 
The terms of trade unambiguously improve, 
while it can be shown that the stock of real 
balances rises, that is, that the horizontal 
shift in the JS curve is less than that of the 
EM curve. Both these results—-that an in- 
crease in our holdings of foreign assets in- 
creases the stock of real balances, and im- 
proves the terms of trade—are intuitively 
plausible. 

Next we consider the effects of an in- 
crease in the expected rate of depreciation 
on m and À. An increase in x reduces the 
demand for money and shifts the LM curve 
down to LM”. In the new equilibrium at 
E”, the terms of trade have worsened and 
real balances have fallen. Since.e=AP/P* 
and both A and P have risen, the anticipa- 
tion of depreciation induces an actual de- 
preciation of the exchange rate. 

Summarizing this discussion, we can write 
the equilibrium terms of trade and real bal- 
ances as follows: 


(11) A=A(a, x) A, <0,A,>0 


(12) m=m/(a, x) m,>0,m,<90 


Next we use the definition of the terms of 
trade A=eP*/P to write: 


(13) e=\P/P* 


or, using the definition of equilibrium real 
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balances, and the equilibrium conditions in 
the money and goods markets in (11) and 


(12): 
(14) P=M/m(a, x)=eP*/X(a, x) 
or 


A(a, x) 


eee Ge) 


(15) 


=(M/P*) J(a,x); J, <0, J,>0 


We now have an equation for the equi- 
librium exchange rate in terms of the antic- 
ipated rate of depreciation and the stock of 
external assets. Given the properties of (11) 
and (13), it is apparent that an increase in 
external assets leads to an appreciation in 
the exchange rate. The increase in assets 
raises real balances which implies a fall in 
the price level. The rise in wealth in turn 
raises spending and thus leads to an im- 
provement in the equilibrium terms of trade 
——a fall in import prices relative to domestic 
prices. For import prices to fall relative to 
domestic prices, with domestic prices falling 
absolutely, the exchange rate must ap- 
preciate. An increase in the anticipated rate 
of depreciation leads to an actual deprecia- 
tion of the exchange rate, as noted above. 

We now move on to discuss the dynamic 
adjustment of the economy under the as- 
sumption of rational expectations. We focus 
on the dynamics of the exchange rate and 
the stock of foreign assets. Under the ra- 
tional expectations hypothesis, in a nonsto- 
chastic model, the anticipated rate of depre- 
ciation of the exchange rate is equal to the 
actual rate of depreciation. 

To implement formally the assumption of 
perfect foresight we equate the expected rate 
of depreciation x, which determines the 
equilibrium exchange rate in (15) with the 
actual rate of depreciation é. Thus setting 
x=é in (15) and inverting that equation to 
solve for é we have 


(16) é= =0(a, 8,>0,08,>0 


WF) 
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It is perhaps worth noting again that (16) 
describes the dynamic behavior of the ex- 
change rate only under the explicit assump- 
tion x=é, i.e., that the expected and actual 
rates of depreciation are equal. 

The second dynamic equation is that for 
foreign asset accumulation: 


(17) $= 


or 


=(1/A)S(m(a, x) +A(a, x)a/r*) 


d s € 


The derivation of the derivatives of V( ) is 
straightforward if tedious; it has to be noted 
that the condition ¥, <0 is assumed. The 
assumption that ¥, <0 means that the total 
effect of an increase in external assets on 
the current account is negative: 


_ a(a/r*)  A(å/r*) ax 
UD. a ag a 


The first term is negative since increased 
assets given expectations raise real wealth 
and spending, and thus worsen the current 
account. This was the stability condition in 
Section I above. The second term involves 
the effect of increased assets on exchange 
rate expectations. An increase in assets leads 
to the expectation of decumulation and de- 
preciation, and therefore reduces real bal- 
ances and expenditure, thus potentially off- 
setting the direct effect of higher assets. The 
stability condition here requires that the 
former effect dominate and thus is entirely 
sensible. 

Equipped with (16) and (17) we construct 
Figure 6. The equilibrium is, as is frequently 
the case with rational expectations, a saddle 
point; the path the economy follows to the 
long-run equilibrium at Æ is shown by the 
locus FF.® Note that the perfect foresight 
path in Figure 6 shows the conventional 


8There remain some problems in proving that the 
economy would choose a path such as FF rather than a 
divergent path. See Fischer and Blanchard for discus- 
sion of this point. We choose to study the properties of 
FF since it is the only convergent path for the exchange 
rate, given fixed M. 
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. FIGURE 6 


association of an appreciating exchange rate 
and a current account surplus. When assets 
are above their long-run. level, and thus are 
declining, the exchange rate is below its 
long-run level, and is thus depreciating. 
Consider now the impact effect and ad- 
justment process in response to (unantic- 


ipated) disturbances. That question is of in- 


terest because it allows a comparison with 
the case of constant velocity and thus intro- 
duces the role of expectations in the de- 
termination of short-run exchange rate be- 
havior. We look first at the case of an in- 
crease in imports with an offsetting reduc- 
tion in domestic saving as studied in Figure 
3 above. We saw there that the long-run 
effect is a reduction in external assets and a 
worsening of the terms of trade. This combi- 
nation implies a long-run depreciation of 
the exchange rate since the decline in the 
value of income from external assets Aa 
reduces equilibrium real money demand and 
thus implies an increase in prices. For a 
worsening of the terms of trade the ex- 
change rate accordingly must depreciate. 
Figure 7 shows the initial equilibrium at 
point E, and the new long-run equilibrium, 
with lower @ and higher é, at E’. Before the 
unanticipated increase in imports, the ex- 
change rate is ê, and the stock of foreign 
assets d. In the short run, external assets are 
given at d. But the reduced saving and in- 
creased import spending create the expecta- 
tion of depreciation, reducing the demand 


FIGURE 7 


for real balances, increasing the price level, 
and reducing real spending (through a real 
balance effect in the goods market). The 
terms of trade deteriorate to maintain goods 
market equilibrium; the deterioration of the 
terms of trade imply an immediate adjust- 
ment of the exchange rate to E”. The im- 
pact effect of the disturbance is to cause a 
one-time discrete depreciation; thereafter the 
exchange rate depreciates along the path to 
E’ as assets are decumulated. 

In discussing the case of an unanticipated 
increase in exports, studied in Figure 2 
above, we sketch the use of the graphical 
apparatus set out in this section. Figure 8 
shows the initial equilibrium at E. We know 
from Figure 2 that in the new long-run 
equilibrium, a is higher than it was at E, 
and A is lower. We know further that Àa is 
unchanged between the two equilibria (see 
Section I). Since y is constant, and since 
x=0 in both long-run equilibria, the stock 
of real balances is unchanged and the price 
level is unchanged. Since A falls and P is 
unchanged, the exchange rate must ap- 
preciate between old and new equilibria. We 
therefore know that the new equilibrium in 
Figure 8 is to the southeast of E; it is shown 
at E’. Passing through E’ are the é’=0 and 
a’ =0 loci? 


IIt is possible, though complicated, to work through 
all the equations set out in this section to reach the 
conclusion that: Æ’ is to the southeast of E. It is much 
easier to use the properties of the long-run equilibrium. 
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The only ambiguity that apparently re- 
mains is whether the exchange rate initially 
appreciates (as in Figure 8) or depreciates. 
However, there is no ambiguity and Figure 
8 is correct. This can be shown formally by 
proving that the (é’=0) locus shifts down- 
ward. More intuitively, we know that the 
exchange rate will be appreciating on the 
path to E’. Even were x to remain equal to 
zero, we would have A fall as in Figure 2; 
now we have higher real balances, therefore 
more wealth, and a larger fall in À is re- 
quired. Since P and A both fall, e has to fall. 
Again, the transition path is one on which 
an appreciating exchange rate is accompa- 
nied by a current account surplus. 

We may also ask how the inclusion of 
exchange rate expectations in this section 
affects the dynamics as compared with Sec- 
tion I, where velocity was assumed constant 
and expectations were ignored. Allowing for 
expectations increases the magnitude of the 
initial decline in the terms of trade. Antic- 
ipated appreciation increases the demand 
for money (and therefore the stock of real 
balances, wealth, and the demand for our 
goods) and thus requires a larger initial fall 
in the terms of trade. | 

No exchange rate paper can be complete 
without examining the effects of a change in 
the stock of money. It is easy to show that 
an unanticipated increase in the stock of 
money merely increases the exchange rate 
proportionally and immediately, and that 


FIGURE 9 


there is no accompanying process. of accu- 
mulation. The immediate adjustment is, of 
course, a consequence of the assumption of 
continuous full employment and price flexi- 
bility. 


Ill. Anticipated Disturbances 


Up to this stage, the association between 
an appreciating exchange rate and a current 
account surplus has been strong. However, 
this connection is modified when we analyze 
the effects of anticipated disturbances.!° 

We study now the adjustment process to 
a current announcement of a future increase 
in the nominal quantity of money. We im- 
mediately note that at the point in time 
where the money stock actually increases, 


` we are back in the framework of analysis of 


the previous section shown as the path F’ F’ 
in Figure 9, with the new long-run equi- 
librium at point E’. What happens, though, 
in the period between the announce- 
ment and the actual increase in money? 

In the transition period, the adjustment 
process is governed by equations (15), (16), 
and (17). In terms of Figure 9 this means 
that the initial €=0 and a=O0 loci remain 


104 nticipated future disturbances and their impact 
on exchange rates have been studied by Wilson. 
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FIGURE 10 


relevant for the analysis. We have also to 
observe that any jump in the exchange rate 
has to occur immediately and cannot lie 
further ahead along the adjustment path. 
This must be true since otherwise there 
would be the anticipation of infinite capital 
gains and therefore incipient capital out- 
flows that would immediately move the rate. 
With these two considerations in mind, we 
observe from Figure 9 the qualitative prop- 
erties of the adjustment path. 

There will be an immediate depreciation 
of the exchange rate at the time of an- 
nouncement of a future increase in the 
money stock. From then on, the exchange 
rate will continue to depreciate and the an- 
ticipation of depreciation, by lowering real 
balances, wealth and spending, will give rise 
to a current account surplus. The process 
continues until we reach a point like H’ 
exactly at the time the money supply in- 
creases, Exchange rate depreciation con- 
tinues, but the increased real balances, 
wealth, and spending now lead to a deficit 
and decumulation of external assets until 
the initial real equilibrium is reattained. 

We can gain further insight into the ad- 
justment process by studying the behavior 
of the rate of depreciation shown in Figure 
10. The rate of depreciation, é=x, is de- 
scribed in (16). It is apparent that at the 
time of announcement ¢,, the only change is 
the jump in the level of the exchange rate, 
and thus we have the anticipation of a de- 
preciating rate. Along the adjustment path 
from H to A’ in Figure 9, assets are growing 
as is the exchange rate. Accordingly, using 
(16), the rate of depreciation is increasing. 
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FIGURE li 


Once point H’ is reached at time ¢,, there is 
a discrete reduction in the rate of deprecia- 
tion. Since the exchange rate cannot jump 
now, but nominal money does increase, the 
rate of depreciation must decline. From then 
on, depreciation continually decreases until 
it reaches zero in the steady state. 

The adjustment path of the current 
account and of the rate of depreciation of 
course qualify, in a very important way, the 
popular association between monetary dis- 
turbances, depreciation, and the external 
balance. The striking results here are that 
the anticipation of a money supply increase 
should initially lead to a surplus, and that 
the rate of depreciation should decrease ex- 
actly at the point in time where the increase 
in money actually occurs. 

These results operate through the effects 
of the anticipated change in the money stock 
on absorption. The anticipated increase in 
the money stock causes an anticipated—and 
therefore actual—depreciation of the cur- 
rency, reducing the demand for money, and 
thereby reducing real balances. Savings are 
thus increased, and assets are imported 
through the current account surplus. After 
the money stock is actually increased, there 
is a real balance effect working in the op- 
posite direction, causing dissaving through 
the current account. 

To confirm that the incorporation of an- 
ticipated policy changes generally changes 
the character of the results of Section III, 


970 THE AMERICAN ECONOMIC REVIEW 


we will take up our running example of an 
anticipated increase in exports. Figure 11 
contains the diagram; it is to be compared 
with Figure 8. 

The appearance of Figure 11 is very 
similar to that of Figure 8. This time the 
exchange rate appreciates initially and con- 
tinues appreciating as assets are decumu- 
lated in anticipation of the increase in ex- 
ports. The initial exchange rate is chosen 
such that the economy reaches point H’ at 
the moment the increase in exports occurs. 
The economic explanation of the path fol- 
lowed is similar to that outlined above; the 
anticipated appreciation may be thought to 
be the driving force in the dynamics. 


IV. Concluding Remarks 


Recent models of exchange rate deter- 
mination and dynamics have empha- 
sized asset stock equilibrium as the relevant 
framework. The study of exchange rate dy- 
namics has typically been formulated in a 
macro-economic setting that emphasizes the 
speeds of adjustment of goods and assets 
markets, and in which expectations 
dominate the short-run behavior of the ex- 
change rate. 

This paper focuses instead on the associa- 
tion between the current account and the 
exchange rate. It retains many elements of 
the recent approaches including asset equi- 
librium, and the distinction between an- 
ticipated and unanticipated disturbances to 
the economy. But it extends recent ap- 
proaches by giving an importani role to the 
accumulation of assets over time through 
the current account. Asset accumulation, 
together with expectations, dominates the 
dynamic behavior of the exchange rate. 

One point of difference with asset market 
models of the exchange rate concerns the 
question of overshooting. Monetary changes 
in models where assets markets move rapidly 
relative to goods markets lead to a more 
than proportionate depreciation of the ex- 
change rate. The reason is that real balances 
increase because of the predetermined price 
level, that equilibrium nominal interest rates 
decline, and that international interest arbi- 
trage requires an offsetting expectation of 
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appreciation. The only way, with the antic- 
ipation of long-run depreciation, that we 
can have an expectation of appreciation is 
for the exchange rate to overshoot. The 
model differs in important respects from our 
presentation. Here the price level is fully 
flexible so that (current) monetary dis- 
turbances have no real effects. Open-market 
operations, a monetary expansion with a 
contraction in external assets, lead to a de- 
cline in real balances and therefore to an 
appreciation that in the short-run is more 
than proportional to the fall in money. Thus 
there is overshooting in the present model, 
not because prices are sticky, but because in 
the short-run external assets are prede- 
termined. . 

Our model has the important shortcom- 
ings of a very restricted menu of assets, and 
of short-run price flexibility and continuous 
full employment. The compensation is the 
introduction of the current account as an 
important element in open-economy macro- 
economics and exchange rate determination. 
In doing so, the paper provides a theoretical 
rationale for the popular view that there is 
an association between the current account 
and the behavior of the exchange rate. How- 
ever, such a view has to be qualified because 
anticipated disturbances that will ultimately 
depreciate the exchange rate can, initially 
and in contrast to the conventional view, 
lead to the combination of a current account 
deficit and appreciating exchange rate. 
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The Short-Run Relation between Growth 
and Inflation in Latin America: A Quasi-Rational 
or Consistent Expectations Approach 


By JAMES A. HANSON* 


This paper explores the short-run relation — 


between inflation and growth in Latin 
America. The topic was the subject of heated 
debate between structuralists and mon- 
etarists in the 1960’s, but extensive empirical 
exploration has only begun.' The evidence 
presented here should provide a useful com- 
plement to the numerous studies of the rela- 
tion between output, employment, and in- 
flation in developed countries. Latin 
America provides a broad set of well- 
documented experiments with which to test 
hypotheses regarding inflation, far broader 
in fact than the Group of Ten. 
-~ To examine the relation between growth 
and inflation, I use a variant of the Phillips 
models formulated by Edmund Phelps, 
Robert Lucas and Leonard Rapping, and 
Lucas (1973). Deviations from normal out- 
‘put or growth rates are attributed to the 
difference between a reduced form of actual 
and expected prices, the latter being char- 
acterized by rationality, as defined below. 
The major conclusions obtained using this 
model are: 

1. In Brazil, Chile before Allende, 
Colombia, Mexico and Peru, a small though 


*Brown University. This paper was completed while 
I was a visiting scholar at the International Finance 
Division of the Board of Governors cf the Federal 
Reserve System. | am grateful for the use of computer 
facilities at CEPAL, Brown University, and the 
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Fernandez, Robert Gregory, Herschel Grossman, Dale 
Henderson, Robert King and Jerome Stein, though I 
alone bear full responsibility for the study. The analysis 
and conclusions of this paper should not be interpreted 
as representing the views of the Board of Governors of 
the Federal Reserve System or members of its staff. 
More extensive statistical results are contained in my 
International Finance Discussion Paper. 

‘'For a review of existing work, see the paper by 
- Roque Fernandez and myself. Summaries of the struc- 
turalist view may be found in Roberto Campos, En- 
rique Sierra, and Susan Wachter, among others. 


significant relation exists between output or 
growth and “unexpected” inflation. This re- 
sult is substantially stronger than those ob- 
tained in Robert Barro’s {1974, 1979) studies 
of Latin American inflatsons. 

2. Ten percentage points of unexpected 
inflation produce about one extra per- 
centage point of growth. This effect is statis- 
tically indistinguishable across the five 
countries once the different processes of 
monetary supply and corresponding formu- 
lation of expectations are taken into account. 
This result strongly supports Lucas’ hy- 
pothesis that the reaction. to unexpected in- 
flation depends on the rredictability of in- 
flation, because predictability in the five 
cases is seen to be similar, once one allows 
for differences in monetary supply 
processes.* This effect is also significantly 
smaller than those obtained by Lucas (1973) 
for the developed countries with more pre- 
dictable inflations, confirming his hypothe- 
sis of a near vertical Phillips curve when 
nominal demands are unpredictable. 

To put it another way, this paper may be 
considered as an attempt to add a “third 
data point”—moderately inflationary coun- 
tries such as Colombia, Feru and Mexico— 
to'what Lucas (1973) refers to as “two data 
points”—the developed countries and the 
inflationary countries cf Argentina and 
Paraguay.’ In addition, the cases of Brazil 


2Lucas uses the variance of detrended nominal de- 
mand as a measure of its predictability because he 
assumes that variable can be characterized by a ran- 
dom walk with trend. With a mcre complicated money 


_ supply process, predictability of inflation becomes the 
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key variable in the reaction to unexpected inflation. 
3It is worth noting that there is a slight inverse 
relationship between the coefficent of unexpected in- 
flation and the variability of inflation within Lucas’ 
developed country “data point,” tending to confirm his 
hypothesis. Both within Lucas’ (1973) sample and in 
Latin America, as discussed in Fernandez and myself, 
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and Chile add weight to Lucas’ “second 
data point.” The results suggest that there 
may be little difference between the predict- 
ability of high and moderate inflations. 
Therefore, the observed, low but similar, 
response to unexpected inflation strongly 
supports Lucas’ hypothesis. 

3. These results are in terms of growth 
rates. Lucas’ (1973) formulation hypothe- 
sized that the level of output is a function of 
unexpected inflation, lagged output, and a 
time trend. However, in the five countries 
studied, there is no statistical distinction be- 
tween the formulation in growth rates and 
that in levels of output as a (reduced-form) 
function of unexpected inflation. 4 

The growth form implies that increases in 
growth achieved through changes in prices 
last only as long as the price change is 
unexpected. Any temporary rise in the real 
growth rate and output above the normal 
values, due to unexpected inflation, will be 
“paid for” as expected inflation overshoots 
actual. One implication of the growth form 
is that if, following unexpected inflation, 
expected inflation remained equal to actual, 
then output would remain above normal. 
Such a result can be justified in many ways, 
for example, through the capacity effects of 
a one-shot increase in money or the per- 
sistent effects of supply shocks, terms of 
trade changes, or inappropriate exchange 
rates. Thus the result should not be surpris- 
ing, although a one-shot change in unex- 
pected inflation is an unlikely hypothesis 
regarding expectations or the politics of 
money supply. More to the point, the for- 
mation of expectations in the paper is as- 
sumed to and does predict inflation on aver- 
age over the sample, generally with serially 
uncorrelated errors. In this sense expecta- 
tions are rational, though perhaps consistent 
would be a better term. Neither persistent 
unexpected inflation nor a price level per- 
sistently above trend are permitted. As a 
result, serially correlated deviations from 


there is a nearly proportional relation between inflation 
and its standard deviation, which makes it difficult to 
distinguish Lucas’ hypothesis from competing ones. 

‘Inspection indicates this is also true in about 60 
percent of the cases studied by Lucas (1973). 
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normal growth do not occur in the countries 
studied, although deviations from trend out- 
put are persistent. Moreover, the indepen- 
dent influence of unexpected changes in in- 
flation on the persistent deviations from 
trend output is quite small. 

4. It is difficult to establish the particu- 
lar process of money growth and expecta- 
tion formation, even in the rapid, erratic 
inflations studied. In the two rapid infla- 
tions, lagged values of inflation seem to 
work better in determining output growth 
than the monetary growth variables used by 
Lucas (1973) and Barro (1974, 1977, 1979). A 
possible explanation is that in these cases 
lagged inflation is at least as good a predic- 
tor of monetary growth as lagged monetary 
growth, perhaps because government policy 
and the balance of payments are affected by 
lagged inflation, which is only imperfectly 
correlated with past monetary growth. 
Thomas Sargent and Neil Wallace have pro- 
vided an alternative justification for the use 
of lagged inflation as a rational predictor in 
hyperinflationary situations. 

It also appears that in Latin American 
economies with more rapid and variable in- 
flation, more “up-to-date” data are useful in 
predicting inflation. However, this fact may 
simply reflect the peculiar seasonality of 
price changes and of the money supply pro- 
cess in these countries. 

Another interesting point is that the re- 
sults for Brazil were substantially improved 
by dividing the sample into pre- and post- 
1965 monetary regimes, which were statisti- 
cally distinguishable in terms of the 
monetary growth process and the corre- 
sponding formation of expectations. This re- 
sult may indicate that the process of form- 
ing expectations changes rapidly to corre- 
spond to a new monetary regime. However, 
the hypothesis could not be tested with data 
from the other countries owing to the short- 
ness of objectively identifiable, monetary 
regimes. 

5. Lagged unexpected money growth 
(and inflation) generally had an insignifi- 
cant effect on current output, especially 
when the previous year’s output was taken 
into account. Estimates which omit the pre- 
vious year’s output display autocorrelated 
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residuals. These findings differ from Barro’s 
U.S. (1977) and Mexican (1979) studies and 
seem to indicate the persistence of relatively 
strong, nonmonetary disturbances. Perhaps 
such disturbances are related to supply shifts 
or to the simple treatment of the foreign 
sector in this paper, hypotheses which will 
be explored in later work. 

Section I outlines the basic model which 
is used for empirical estimation and dis- 
cusses the expectations processes whicn are 
used. It also discusses the growth equation 
formulation. Section II summarizes the em- 
pirical results on the money supply process 
and the determination of output when the 
expectations process is assumed to be based 
on a prediction of monetary growth. Section 
III summarizes the results when lagged in- 
flation is used to predict inflation. Section 
IV discusses the results obtained when two 
different money supply processes are hy- 
pothesized for Brazil, and Section V com- 
pares the relative importance in output de- 
termination of lagged effects of unexpected 
inflation and of supply shocks, proxied by 
lagged output. Section VI very briefly sum- 
marizes the results. 


I. The Basic Model 


This paper uses a model of the aggregate 
supply relation between output and inflation 
based on work of Phelps, Lucas and Rap- 
ping, and Lucas (1973). Suppliers increase 
(decrease) output above (below) its normal 
trend when prices turn out better (worse) 
than expected. This argument is often ap- 
plied to labor supply; when wages are higher 
than expected, above normal amounts of 
labor are supplied, and output increases 
faster than trend, because workers seek to 
take advantage of a good wage. It might be 
especially applicable to Latin American 
coun tries, where the existence of secondary 
workers and rural-urban migration, as well 
as poor information networks, may create 
some short-run money illusion in the labor 
supply function. 

Lucas (1973) writes the aggregate supply 
function as 
(1) Y, =a +a (P, PF) 


+a, (time) +a3Y, -+u 
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where 


Y,= log of aggregate supply at time t 
P,= log of price level at time t 
PF =E(log of P,|Information available at 
time t) 
a, >0, a> 1 


There are two problems in estimating (1): 
specification of an aggregate demand equa- 
tion which, together with (1) and PF, will 
simultaneously determine output and prices, 
and specification of P*. 

Rather than explain the behavior of ag- 
gregate demand subject to some income or 
wealth constraint, this paper simply applies 
the constraint directly. In particular, it is 
assumed that monetary disturbances do not 
spill over into the world economy because 
of variations in the effective exchange rate 
and that households are satisfied with their 
nominal money holdings in every period, 
vis-a-vis the levels of prices, income, wealth, 
and opportunity costs of money holdings. 
That is, demand for output exceeds supply 
until prices, incomes, and/or the opportun- 
ity cost of money adjust to yield : 


(2) Mi=MP=P.+b,+b,Y,t+bor,t+u,> 


where Mi= log of money stock supplied (S) 
or demanded (D) and r,=the Jog of the 
relevant opportunity cost of holding money 
at time t, which is omitted in the empirical 
work owing to its statistical insignificance.® 
Complete stock adjustment may seem a 
strong restriction, but the jack of autocorre- 
lation in the empirical results suggest it is a 
reasonable approximatior. The approach 
also seems to neglect fiscal policy, but again 
it may not be a bad approximation for these 


SLucas (1973) derives (1) from an explicit aggrega- 
tion of micro behavior, not shown here. Some difficul- 
ties in statistical estimation may arise when national 
accounts, which are Paasche or Laspeyres weighted, are 
substituted for Lucas’ geometrically weighted outputs. 
Lucas (1975) gives some motivation for inclusion of 
lagged output. 

Results are available on recuest. Money demand 
could be written as a function of the weighted average 
of prices and expected prices without changing any of 
the results, f 
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economies, where monetary and fiscal policy 
have been closely associated. (See Arnold 
Harberger, 1975, and Werner Baer and 
Paul Beckerman.) 

Lucas (1973) hypothesized that expecta- 
tions are formed rationally in the sense of 
John Muth, that is, using all relevant infor- 
mation as if the relevant economic theory 
for its application were known. In the pre- 
sent context this would mean that expecta- 
tions take into account the output-price ad- 
justment process described by (1) and (2). In 
addition, as Lucas (1970), among others, has 
pointed out, if the government systemati- 
cally varied aggregate demand in response 
to indicators, then such behavior would only 
have real effects until it was a ace 
into the public’s forecasts. 

In hypothesizing an expected rate of in- 
flation in the economies under considera- 
tion, where electronic computing facilities 
were and are limited, and where markets, 
knowledge of economic theory, and infor- 
mation are imperfect, it seems appropriate 
to use a simplified approach to expectation 
formation, incorporating the role of govern- 
ment. One general approach which is used 
here follows Lucas (1973) by assuming (the 
log of) money is a random walk with trend 
(m), and solving (1) and (2) to obtain 


(3) Y,=c,+a,DM,+a, time +a,Y, 1 +u 


with m becoming part of the estimated con- 
stant and DM, the independent variable. 
(The D notation indicates a time derivative.) 
That is, (3) is a reduced form using the 
hypothesized money supply process and the 
stock money demand equation (2).” Note 
that it implies lagged values of money have 
negative coefficients. 

In a slightly more complicated model, 
Barro (1977) hypothesizes that money 
growth depends on, and therefore, is ration- 
ally predicted by, previous values of money 
growth and other variables such as govern- 
ment spending, the unemployment rate, and 
the balance of payments. The difference be- 


7The actual method of solution is substantially more 
complex and involves questions of stability and conver- 
gence. For details, see John Muth, Lucas (1970), and 
Barro and Stanley Fischer. 
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tween actual and expected prices is a linear 
function of the residuals (DMR,) from an 
estimated equation of the form 


(4) DM,=d)+d,DM,_,+d,DM,_, 


+d DM, 3t U,4 


where in this paper the other possible de- 
terminants of DM, have been omitted owing 
to lack of data. The usual stability condi- 
tions may be tested on the d,; negative 
coefficients might indicate corrective poli- 
cies. The analogous form to (3) is 


(5) 


Y,=c,+a,DMR,+a, time+azY,_, +45 


with the ith lagged monetary growth rate 
having the coefficient —a,d,. 

The second general approach uses past 
inflation as a predictor. While this approach 
sometimes has been considered ad hoc, 
Sargent and Wallace, among others, have 
shown that it can be rational, in particular, 
when government “is financing a roughly 
fixed rate of real expenditures by money 
creation” (p. 336). Dean Dutton obtains 
some success in explaining Argentine 
quarterly data with a model of constant real 
expenditures, real taxes which are inversely 
related to inflation, and a monetized deficit. 
Harberger (1975), Baer and Beckerman, and 
Ricardo Ffrench-Davis have all indicated 
the importance of monetary emission as a 
source of Latin American government reve- 
nues. Thus, it seems important to explore 
this process of forming expectations in the 
case of rapid Latin American inflations. 

As a simple way of examining this hy- 
pothesis, lagged inflation rates were sub- 
stituted for the lagged monetary growth rates 
in (4), with the residuals substituted for 
DMR in (5). Thus money growth is still 
being predicted. A second alternative was 
also investigated, in which inflation was as- 
sumed to be predicted directly by past infla- 
tion, as in the well-known adaptive expec- 
tations hypothesis used by Philip Cagan. 
But if it is inflation rather than monetary 
growth which is predicted, then it seems 
reasonable to assume that households fore- 
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cast next period’s price level by taking (the 
log of) past prices as given and adding to it 
their prediction of inflation—P*=P,_,+ 
DPF. The actual price level P, equals the 
previous level plus the solution for price 
changes taken from a difference version of 
(2), P,=P,_,+DP,=P,_,+DM,—5,DY, 
+ Du,,. Substituting into (1) yields 


Trpia, (PM. DPE) 


a reduced form roughly analogous to (3) 
and (5). 

Two specific versions of direct inflation 
prediction were tried. The first simply as- 
sumes adaptive expectations with full ad- 
justment to errors DPF = DP, yielding 


(7) Y,=aé+a*(DM,— DP,_,)+a% (time) 
+a3Y, 1 tu 


Though this might seem a strong restric- 
tion, it has the merit of simplicity and pro- 
vides a useful standard of comparison for 
more complex models of expectations. It is 
also an approximation familiar to students 
of Latin American inflation. (See Har- 
berger, 1963, Robert Vogel, Edmund Sheehy, 
and Wachter.) 

A more complicated version permits infla- 
tionary expectations to be determined by 
the history of past rates of inflation, plus a 
constant: 


(8) DP, =d¥DP,_,+dłDP,_+dłDP _3 
+d5 tug 
yielding 
(9) Y¥,=a*+a*( DM,— DP.*) +a% (time) 
+ažY, tio 
where the d* are estimated without restric- 


tion. The adaptive expectations model im- 
plies Sd*¥=1; dž, ,=(1—dř)dř, i> 1, df= 
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0. However, one can easily imagine some 
cyclical behavior of world prices or sys- 
tematic government policy in response to 
abnormal price trends which yields some 
negative coefficients.” I? d*=0, i>0, then 
inflation is a random wa_k with trend. 

The monetary growth and the inflation 
prediction approaches may be thought of as 
alternative hypotheses regarding the formu- 
lation of monetary growth policy and its 
optimal prediction.” Equations (3) and (5), 
when using past monetary growth to gener- 
ate DMR, are based on -he assumption that 
policy depends on past monetary growth. In 
contrast equation (5), wken using past infla- 
tion to generate DMR, and equations (7) 
and (9), can be thought of as assuming a 
monetary growth policy Dased on past infla- 
tion. The two approaches would be equiva- 
lent if policy and the money demand func- 
tion: were nonstochastic and there were no 
errors in measurement. In that case, P and . 
M are exact functions of each other and 
equations (4) and (8) are equivalent. Given 
the stochastic nature of zhe money demand 
function and of policy, and assuming the 
stochastic element is serially uncorrelated (a 
proposition to be examined empirically be- 
low), then the relative quality of the two 
predictions, in the sense of a smaller fore- 
cast error for the inflation rate, depends 
upon the actual policy rule which is used.!° 


8Adolfo Diz rationalizes such coefficients in 


- Argentina as overreaction to monetary expansion, and 
‘Sheehy reports a significantly negative coefficient for 


twice-lagged money in his regressions explaining 
Argentine inflation. 

9The assumption of complete stock adjustment of 
money balances means history is useful only insofar as 
it conveys information abou: the future path of 
monetary policy; there being no “overhang” of 
monetary balances which must be absorbed or no 
lagged effects in subsequent periods. However, an al- 
ternative interpretation would be that (3) and (5) are 
constrained versions of the lagged impact of money. As 
Barro (1977) points out, it is difficult to separate such 
lagged influences from the influence of unexpected 
money unless money is predicted with something other 
than lagged values. Nonetheless one might suspect that 
policy reactions dominate, rather than the lagged im- 
pacts of money, if unconstrained coefficients of lagged 
values appear with negative signs, and if lagged money 
growth is a relatively poor predictor of inflation. 

10This point neglects measurement error of M, which 
plays an important role in Sargeat and Wallace’s analy- 
sis. 
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That is, lagged inflation may provide a 
better predictor if past stochastic elements 
in the difference version of (2) affect M,." 
This may well be true—imagine the plight 
of a finance minister who justifies his inac- 
tion on inflation by reference to a random 
negative shift in money demand. 

Christopher Sims’ tests of timing also are 
used in this paper, in conjunction with (8) 
and variants of (4), to establish the policy 
rule. Wachter’s application of the tests to 
quarterly data from Brazil, Chile, and 
Mexico indicates one cannot reject the hy- 
pothesis that past inflation influences 
money creation, though the result does not 
appear in annual data. Fernandez’ ARIMA 
results, also with quarterly data, indicate 
that lagged values of prices account for most 
of the current variation in prices. 

If, past inflation does influence monetary 
creation, then lagged rates of inflation or 
variables correlated with them could reduce 
the significance of present and lagged rates 
of monetary creation in estimated equations 
of inflation.’* This might explain the signifi- 
cance of structural variables such:as lagged 
wages in the inflation regressions of 
Harberger (1963), Carlos Diaz Alejandro 
(1970, 1972) and Sheehy. While equations 
such as (8) seem to imply that past inflation 
causes present inflation, this.is only because 
of the rule for monetary ‘growth. A new 
monetary rule would change inflation in a 
way that would be unpredictable using equa- 
tions (7) and (8), but eventually predict- 
able using the money demand function (2). 

It should be noted that all of the previ- 
ously discussed forms imply use of informa- 
tion from the future at each point in time. 
This is because the estimated trend and the 
coefficients of lagged values which are hy- 
pothetically used for prediction are based 
on the whole sample, not just information 
previous to each observation, as is the case 
in adaptive expectations. This is perhaps 
less worrisome than might appear. Esti- 
mated expectations of inflation are based on 


ll Marcelle Arak’s critique of Lucas’ (1973) test 
suffers from her neglect of the stochastic nature of the 
nominal demand function. 

Robert King argues rational expectations might 
cause prices to “lead” money. 
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a simplistic form which obviously omits 
many variables ‘that might aid in prediction 
and with a correspondingly larger forecast- 
ing error than actual expectations. The use 
of an estimated constant (and coefficients) 
for the sample requires the predictor to be 
correct on average and perhaps more closely 
approximate actual expectations. 

Finally, since interest has focused on the 
relation between growth and inflation, and 
since it is natural to think in a growth 
framework when dealing with developing 
countries, versions of equations (3), (5), (7), 
and (9) have also been estimated in (loga- 
rithmic) growth rates. However, rather than 
simply taking first differences, estimates 
were made under the constraint a,=0, 
a,=l1. 


(3) DY,=a,DM,+a3 

(5)  DY,=a,DMR,+a}, 

(7) DY,=a¥*(DM,— DP,_,)+a3’ 
(9) DY,=a¥(DM,— DP”) +a} 


These equations have the straightforward 
interpretation that supply normally grows at 
some average or “natural” rate, while actual 
output grows by less or more due to unex- 
pected inflation. If they are statistically 
indistinguishable from the corresponding 
level equations, then the simple first-dif- 
ference form also cannot be rejected, as 
(3’)--(9’) are essentially first-difference equa- 
tions with additional constraints." 

Acceptance of these equations implies that 
output could persistently differ from normal 
levels for long periods, owing to the large 


Notice that in estimating (7) and (9), af multi- 
plied by the average difference between DM, and DP,_, 
or DPE becomes a part of the constant term, but that 
product is simply the (estimated) income elasticity of 
demand for money, multiplied by the average growth 
of income and a?, so the interpretation of a3’is similar 
to a3. 


‘4They are not quite constrained versions of the 
first-difference equations. While a, is constrained to 
equal one, the coefficient of the lagged unexpected 
inflation variable is constrained to zero, rather than to 
a,. The results of Section V show this difference is not 
important, 
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coefficient of lagged output. Literally, a 
single disturbance or an unexpected rise in 
M or DM in (3), or DMR in (5’), would 
keep income above its “norma!” level for- 
ever. In (7’) or (9’) output would return to 
normal after a single disturbance in M, 
though not after one in DP. Such an empiri- 
cal result can be explained in many ways. 
Supply shocks, abnormal terms of trade, 
and incorrect exchange rates may persist for 
long periods, thus affecting output levels. 
The usual [S-LM model would imply that a 
single disturbance in M would raise the 
capital stock with output effects that would 
persist well beyond most small samples’ 
limits; many other models would have simi- 
lar implications for capital accumulation. It 
is therefore not surprising that the coeffi- 
cients of lagged output are not statistically 
different from one in 60 percent of the 
countries studied by Lucas (1973). More- 
over, use of the level form biases the coeffi- 
cient of lagged output downward, and tends 
to produce autocorrelated residuals if a, is 
close to one; this is true to an even greater 
degree if detrended data are used. Thus the 
appropriate estimating form is not obvious 
a priori. 

While the results of this paper support the 
applicability of the growth rate form, they 
also indicate that the possibility of raising 
output through a single increase tn unex- 
pected inflation remains theoretical. First, 
such an increase would produce autocorre- 
lated errors in predicting inflation in a small 
sample, but the prediction equations in this 
paper seem to display serially uncorrelated 
residuals, though the test is weak. It is not 
surprising that this particular monetary 
experiment was not performed; if it had 
occurred then its effects probably would 
have stimulated further experiments, with 
still further reactions by the public and then 
the policy makers, thereby destroying the 
initial experiment’s uniqueness. Second, the 
lagged independent effects of unexpected 
monetary growth on output are statistically 
insignificant once lagged output is intro- 
' duced as an explanatory variable, implying 
a tenuous relation between unexpected inf- 
lation and capacity growth. 

Previous work by Lucas (1973) suggests 
that a, is inversely related to the variability 
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of inflation. His estimates for fourteen low- 
inflation countries generally yield values be- 
tween .8 and .4. While there is a slight 
inverse relation between a, and the variabil- 
ity of inflation in these countries, most of 
the support for his view comes from his 
“second” data point, the two outlying Latin 
American countries—Argentina and Para- 
guay— where coefficients are below .03 and 
insignificant. Barro (1979) finds similarly low 
insignificant coefficients for Brazil and Co- 
lombia, but his coefficients for Mexico are 
jointly significant and their sum is in the 
range of low-inflation countries. 


H. Empirical Results using Unexpected Changes 
in Monetary Growth to Explain Output 


Table | presents estimates and statistics 
of fit for equations (3) and (3’)—expec- 
tations which assume money is a random 
walk with trend. The growth rate formula- 
tion is statistically indistinguishable from 
Lucas’ formulation in terms of levels; the 
increase in sum of squared residuals (SSR) 
due to the two growth rate restrictions 
(compare upper and lower portions of Table 
1) yields an F-statistic of less than 2 for all 
countries except Brazil (4.1). Operationally, 
this means the positive impact of.a one-shot 
increase in money or monetary PONE can- 
not be discounted. 

: Unexpected monetary ani of ten per- 
centage points raises output about one per- 
centage point above the trend in the 
countries with moderate inflation— Co- 
lombia, Mexico, and Peru. However, in the 
level formulation this co2fficient is signifi- 
cantly positive only for Mexico; in the 
growth formulation only for Mexico and 
Colombia. The Durbin-Watson statistic in- 
dicates no autocorrelation for the growth 
form for Mexico and Peru and only mar- 
ginal autocorrelation for Columbia, provid- 
ing support for the approximation `of. com- 
plete stock adjustment within one period.!> 


Notice, however, that money is defined as an 
annual average of end-of-month figures to smooth the 
data and avoid the erratic yeac-end bulge in money 
which may have contributed to Barro’s (1979) poor 
results. It also tends to bias the results toward accep- 
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TABLE 1—OUTPUT AND GROWTH OF OUTPUT AS FUNCTIONS OF MONEY GROWTH 


HANSON: GROWTH AND INFLATION 


Brazil Chile Colombia Mexico Peru 
1952-74 1952~70 1951-74 1950-74 1951-74 Pooled® 
(3)¥,= agt+a,DM,+ as (time) +43Y, æi 
do — .074 —.246 — .286 —1.11 — 487 a 
(.2) (.7) (.5) (1.9) (i RA 
ay — 1308 — 026 092 133°, — 018 
(2.8) (4) (1.8) (2.3) aa (0.7) 
ay 00086 0048 0028 016 014 i 
(.1) (.9) (.5) (2.0) (1.5) 
a, 1.02 88 953 748 718 og 
(9.3) (5.6) (8.1) (5.6) (4.1) 
DF 19 15 20 21 20 : 99° 
SSR 0119 0054 0036 0051 0116 .0458 
SEE 0250 0189 0134 0156 0242 0216 
R? 997 993 999 999 996 99 
DW 2.1 1,24° 1.45° 1.82 1.42° ~ 
(3)DY, =a} +a, DM, 
a, .095? 0518 032 0475 036° e 
(5.8) 3.1) (4.3) (6.0) (3.2) 
a, — 082 — 050 11° 1344 .100 004 
(1.7) (1.0) (2.6) (2.2) (1.5) (0.1) 
SSR 0167 0057 0038 0061 0139 0536 
SEE 0282 0184 0132 0163 0252 0223 
R? 12 06 23 18 09 21 
DW 1.36° 1.30° 1.38° 1.97 1.58 = 
- SD of DM 1244 0857 0624 0559 .0784 5 


Sources: IFS, Ffrench-Davis (Chile), U.N. Yearbook of National Income Accounts Statistics (Peru 1971-74). Data 


available on request. For more details see my earlier paper. 


Notes: Absolute value of t-statistic in parenthesis. SD = standard deviation, DF= degrees of freedom, SSR=sum of 
squared residuals, SEE =standard error of estimate, DW = Durbin-Watson statistic. 


"Significant at 95 percent level. 
>Possible autocorrelation at the .01 level. 
“Possible autocorrelation at the .025 level. 


4 Respective individual values for a, (and r) are .0018 (.3), .0051 (.9), .0015 (.2), .0165 (1.5), 0199 (2.6); for a, (and 
t): 1.00 (10.6), .87 (5.5), .99 (5.3), .74 (4.1), .61 (4.1). A pooled regression, weighted by the inverse of individual 
country SEEs, yielded an SSR which exceeded the weighted total of the individual SSRs by the significant amount 


of 20.2 percent. 


‘Individual country constants (and ¢) were: .058 (5.8), .023 (2.5), .045 (9.2), .047 (7.2), .058 (12.9). The 
corresponding weighted pooled regression increased the weighted total of the individual SSRs by 15.7 percent 


(significant). 


The high-inflation cases, Brazil and Chile, 
exhibit a negative relation between monetary 
and real growth and possible autocorrela- 
tion, As shown in Table 1, a pooled regres- 
sion ofthe high- and moderate-inflation 
cases in the form of (3’) using separate 
country constants (or (3) using in addition 
separate lag coefficients and time trends) 


tance of complete stock adjustment. On the other hand, 
the annual average figure for money tends to be close 
to the June figure and the regression results would 
probably not be greatly worsened by substitution of the 
second for the first. 


not only yields an insignificant coefficient 
of unexpected money growth, but an SSR 
more than 21 percent (15 percent) larger 
than the sum for the individual regressions. 
The F-statistic for the pooling restriction is 
3.36 with (5,105) degrees of freedom for (3’) 
(or 4.14, (5,95) for (3)), which exceeds the 
critical value and thereby rejects the hy- 
pothesis that the reaction to unexpected in- 
flation is the same in all countries. 

The significant difference between the two 
sets of countries is not surprising. An ex- 
amination of the Brazilian and Chilean 
money supply processes, preliminary to 
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TABLE 2—OUTPUT EQUATIONS USING AUTOREGRESSIVE PREDICTOR OF MONEY GROWTH 


Brazil Chile Colombia Mexico | Peru 
1952~74 1952-70 1954--74 1950-74 1954-74 
G)DY,=a,+a,DMR,, DMR,=DM,— DM, = uy 
as .069* .0353 0518 0623 051° 
(11.1) (8.3) (17.9% (18.9) (9.5) 
a, — .045 — 070 16° .12 
(.7) (1.1) (2.7) (2.0) (.2) 
DF 21 17 19 23 19 
SSR .0186 00567 .00318 .00635 0117 
SEE .0298 0183 0129 .0166 .0248 
R? .02 07 24 15 00 
DW 1.21> 1.38° 1.44 1.93 1.22® 
(4)DM, = dot a, DM,_ 1 +d.DM,_» +d,DM,_; + tig 
dy 10 219 -21° 144 .046 
mn cers) (2.4) (3.1) (3.6) (1.0) 
di ‘55% A 02 .02 42 
(2.5) (2.7) (-1) (1) (1.7) 
d, .03 — 36 — 32 —.17 06 
(.1) (1.3) (1.1) (.8) (0.2) 
d, ll ~ 0! — .33 $ 25 
(.5) (.1) (1.5) a.) 
DF 19 15 17 22 17 
SSR .1851 0853 0482 .0732 0855 
SEE .0987 0754 0532 .0576 0710 
R? .46 37 14 .03 27 
DW 1.96 1.87 1.77 2.10 1.95 
tofc? Al 1 1 | 2 


Sources and Notes: See Table 1. 
‘Significant at the 95 percent level. 
bPossible autocorrelation at the .025 level. 


°t of c refers to the t-statistic of the coefficient of u,_, in the regression u,=cu,_. 


dt< J 


calculating DMR, indicates that they are 
significantly different than a random walk 
with trend (see Table 2). Using (3) or (3% 
thus imposes an incorrect money supply 
process and therefore irrational expectation. 
In the other three cases the random walk 
hypothesis is acceptable. All five money 
supply processes are stable and, except for 
Brazil and Peru, exhibit at least one nega- 
tive or corrective coefficient. 

As shown in Table 2, equation (5’) (or the 
statistically indistinguishable (5)) yields neg- 
ative insignificant coefficients of unexpected 
money growth and possible autocorrelation 
in the cases of Brazil, Chile, and Peru. The 
moderately inflationary countries exhibit 
similar results for (3) and (5’) (or (3) and 
(5)) in terms of coefficients, significance 
levels, and autocorrelation, as might be ex- 


pected given the reasonableness of the ran- 
dom walk hypothesis for money supply. 
(Compare Tables 1 and 2.) 

It also seems reasonable to explore Sar- 
gent and Wallace’s hypothesis regarding ra- 
tional expectations based on past inflation. 
This is particularly true since in Brazil and 
Chile lagged inflation is a better predictor of 
monetary growth than lagged- monetary 
growth.!© (The ratio of standard errors 


iS For Chile and Brazil, throughout this paper, lagged 
inflation refers to the period December to December. 
This information is one-half year more up-to-date than 
that provided by lagged changes in the average money 
stock (centered at June 30). Lagged inflation, so de- 
fined, is not contemporaneous with output, except that 
the December price level is announced in January or 
February. If prices adjust rapidly to variations in the 
rate of monetary expansion, or if many prices in the 
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TABLE 3— BRAZIL AND CHILE OUTPUT EQUATIONS: INFLATION AS A PREDICTOR OF 
MONEY AND POOLED EQUATION USING Two MONEY SUPPLY PROCESSES 


Brazil? Chile? Five-Country 
1952-74 1952—70 Pooled 
(5) DY,=a,+a,DMR,. DMR,=DM,— DM, 
a’, .069° 035° ° 
(11.2) (8.2) 
a, 086 073 ALIS 
(.9) (.9) (3.5) 
DF 21 17 109 
SSR 0184 0058 0482 
SEE 0269 0185 0210 
R? 03 04 29 
DW 1.194 1.244 = 
DM,=dọ td DP, 1 +d, DP,_4+d,DP,_,+t, 
do .132° 243° 
(4.2) (6.3) 
di 66° 50° 
(5.4) (3.5) 
d 9 . l 1 z 06 
(.8) (.4) 
d 3 bears 04 — : 16 
(.3) (1.2) 
SSR 0858 0474 
SEE 0672 0562 
R? 15 65 
DW 1.68° ‘1.63° 





Sources and Notes: See Table 1. 


The prediction equation using mid-year prices yields an SEE of .0761 for Brazil 
and .0696 for Chile. The corresponding values of a, (and t-statistic) in (5’) are .03 (.3) 


and —.04 (.6). 


>The country growth rate constants (and f-statistics) are .069 (15.8), .034 (7.2), .033 
(4.9), .036 (5.6) and .049 (8.7). A pooled regression, weighted by the inverse of 
individual country SEEs, increased the total SSRs by .42 percent. A regression in the 
level form yielded a, =.101 (2.9) and an SSR of .0424, relative to a sum of SSRs of 
.0419 for the individual cases; the weighted pooled regression increased SSRs by 1.21 
percent. See my earlier paper, Table IV, for more details. 


“Significant at the 95 percent level. 


å Possible autocorrelation at the .01 level. 
“Possible autocorrelation at the .025 level. 


index are government controlled and tend to be ad- 
justed in December, then, speaking intuitively, Decem- 
ber-to-December inflation should provide better pre- 
dictions of year-to-year money growth than either 
lagged money growth or annual inflation rates. This 
hypothesis seems borne out: predictions of monetary 
growth with inflation rates calculated from past annual 
averages of prices are only slightly better in terms of 
standard errors than those made with past monetary 
growth rates, and the corresponding output equations 
are much worse than those in Table 3. December 
money supply figures are an alternative source of up- 
to-date information. Unfortunately these are distorted 
by the large and highly variable year-end bulge in 
Latin American money supplies which introduces 
spurious variance into the independent variable and 
reduces its usefulness as a predictor. Experiments using 


(SEE) shown in the lower half of Table 2 to 
those of Table 3 is 1.5 and 1.3, respectively.) 
Moreover, the hypothesis that past money 
growth “causes” future inflation is rejected 
using a Sims test while the hypothesis that 
past inflation affects present money growth 


these data yielded results in equation (5) and in ex- 
plaining June-to-June money growth which were simi- 
lar to those obtained in Table 2 with annual averages 
of monetary growth. For Colombia and Mexico the use 
of year-end or annual averages of inflation made no 
difference in the results. The use of year-end money 
reduced all significance levels in the case of Colombia. 
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cannot be rejected.!? For Colombia, Mexico, 
and Peru, monetary growth is predicted 
slightly better by lagged. monetary growth 
than by past inflation, but neither regression 
is really significant. (The corresponding ratio 
of SEEs is .96, .98, and .93, respectively. See 
Table III in my earlier paper for details.) 
Sims’ tests for these three countries show no 
clear direction of causation." It is also worth 
noting that all five countries exhibit at least 
one negative corrective coefficient of past 
inflation. 

As shown in Table 3, unexpected mon- 
etary growth does have a positive (insignifi- 
cant) effect on real growth in Brazil and 
Chile, when past inflation is used to predict 
monetary growth.” The use of lagged infla- 
tion also makes the predictability of 


The F-statistic for constraining the three coeffi- 
cients of lagged values of DM to zero, relative to the 
regression 


t+3 
DP,=c,+ 9’, e,DM;, 
t--3 


was Only 1.35 with (3,11) degrees of freedam for Brazil 
and 2.33 (3,7) for Chile, both below the critical values. 
By comparison the f-statistics for constrating the fu- 
ture coefficients to zero are 8.32 (3,11) for Brazil and 
5.05 (3,7) for Chile, both far above the critical values. 
This is confirmed by running regressions of the form 


t+3 
DM,=c¢2+ >, J, DP, 
t~3 


Constraining the three future coefficients to zero has 
no effect on the Brazilian regression; the F-statistic for 
Chile is only .74 (3,7). Constraining the lag coefficients 
to zero yields F-statistics of 7.10 (3,11) for Brazil out- 
side the critical region, but only 1.00 (3,7) for Chile. 
Results using two leads and lags were similar, except 
that dropping the lagged price coefficients in the re- 
gressions of DM as a function of DP,’s produced a 
significant fall in the SSR for Chile. Essentially the 
same results also were obtained using inflation in the 
annual average of prices. All data were unfiltered. 

18In no case was the F-statistic greater than 1.64, 
and only four exceeded 1.0. By comparison, the critical 
value for 3,13 degrees of freedom is 3.49; for 3,9 it is 
3.86. Again all data were unfiltered. Inflation refers to 
changes in the annual average of prices. 

The other three cases are not shown, but the 
output equation results are about the same as (5’) using 
monetary growth for Colombia and Mexico, and as (3’) 
for Peru, in terms of coefficients and fits. For details, 
see my earlier paper, Table III. 
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Brazilian and Chilean monetary growth, as - 
measured by the SEE, comparable to the 
standard error of monetary growth for the 
three moderately inflationary countries (see 
Table 1). Lucas’ model has the strong impli- 
cation that in such cases the response to 
unexpected inflation should be about the 
same. Therefore, the five-country pooled re- 
gression again was run, retaining DM, as 
the independent variable in the medium- 
inflation countries, but using the residuals 
from the lagged inflation predictor of DM, 
in the high-inflation countries. 

As shown in Table 3, the pooled equation 
in the form of (5’) with separate country 
constants (or (5) with separate constants, lag 
coefficients, and trends) ytelds a coefficient 
of .11 (.10) with a t-statistic of 3.5 (2.9). The 
pooled SSR is only about 1 percent greater 
than the sum of the individual country re- 
gressions, yielding an F-statistic for the 
pooling restriction of only .13 (5,105) (.27 
(5,95)). Thus the hypothesis of similar coef- 
ficients across countries is very acceptable, 
providing strong support for Lucas’ theory. 
Moreover, the individual and pooled country 
regressions indicate a 95 percent confidence 
level of about (0.04, 0.16) for the coefficient 
a,, which is below the 95 percent confi- 
dence interval for all of Lucas’ noninfla- 
tionary countries except Austria, Honduras, 
and Sweden, again supporting his hypothe- 
sis. Finally, the pooled growth form is 
acceptable since the resirictions of the 
growth form imply an F-statistic of less than 


1.4 when compared with either the pooled, 


level form or the individual country regres- 
sions in level form. 


HI. Empirical Results using Lagged Inflation 
to Predict Inflation and Explain Output 


Table 4 presents estimates of equation (7’) 
along with statistics on the average rate of 
inflation, its standard deviation and the SEE 
using DP,_, as a predictor. Again this 
growth form cannot be distinguished from 
one in levels, implying in this case that a 
single change in money has no permanent 
effect, but the hypothesis cannot be rejected 
that a once and for all change in mone- 
tary growth could raise income above 
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 Brazil® Chile? Colombia Mexico” Peru 
1952-74 1952-70 1951-74 1950-74 1951-74 | Pooled 
(7) DY =a3' +af(DM,~ DP,.1) 
aes 0581 .030¢ .0474 0524 0464 j 
- (7.9) (7.6) (13.1) (4.7) (6.8) 
a*’., 1669 | 1094 067 1564 O75 124 
(2.2) (2.9) (1.9) (3.8) (1.2) .(5.0) 
DF 21 17 22 23 22 109 
SSR l .0154 .0041 0042 .0046 .0144 0437 
SEE i ; .0271 `’ .0155 .0140 .0142 .0256 0200 
R . . 19 32° 14 38 .06 36 
DW 1.59 1.71 1.51 2.33 1.66 ed 
Standard Deviation 
of Inflation ' 146 .140 081 051 .034 ~~ 
Average Inflation — 259 281 109 059 085 ~= 
.079 .057 041 = 


fe-P ‘ 
Simei 134 155 


Sources and Notes: See Table 1. 


3 Brazil and Chile use year-end wholesale price data in computing DP,_,. The corresponding regressions using 


annual averages are 


A 


DY,= .062 + .12 (DM,—DP,_,), SSR=.0168, R?=.12, DW=1.54 . 
(8.4) (1.7) 
and DY,= .033 + 048 (DM,—DP,_.,), SSR=.0054, R?=.10, DW=1.48 
(7.4) (1.4) 


>Mexico. uses Consumer Price Index. Results using Wholesale Price Index are similar. 

“Respective individual country growth rate constants (and 1) were .062 (10.7), .030 (8.2), .044 (14.3), .045.(8 4, 
.055 (17.7). A pooled regression, weighting individual country samples by the inverse of their standard errors, 
resulted in an SSR which was only 3.05 percent.larger than the sum of the individual cases. For details see my 


earlier paper, Table VII. 
4Sienificant at the 95 percent level. 


trend.” Output equations in the form of (9) 
or (9’), using more complicated autoregres- 
sive, predictors of. inflation, were inferior to 
those using either lagged inflation or autore- 


20 Repressions.of the level of output on this measure 
of unanticipated inflation, a trend, and the lagged level 
of output, generally yielded the following: coefficients 
of the third variable which differed from unity by the 
statistically insignificant amount of 2 percent or less; 
statistically insignificant trend coefficients; coefficients 
- of unanticipated inflation which were quite similar to 
those obtained in the growth equation; and Durbin- 
Watson statistics which would allow rejection of the 
hypothesis of autocorrelation, although the test is 
somewhat biased. 


gressive predictors of money and are not 
presented here.”! 


21A}] countries displayed one negative coefficient, 
although only in the case of Chile was it significantly 
different from zero. All countries displayed at least one 
significant coefficient except Mexico and Peru, but in 
all cases except Brazil it was impossible to reject the 
constraint that the sum of the coefficients of lagged 
inflation was zero. In Brazil, Mexico, and Peru, an 
adaptive process could not be rejected, although the 
power of the test was quite low for the last two cases. 
The output equation using this process, (9), was much 
worse than (7’) for Brazil and Mexico, slightly worse 
than (7) for Chile, and about the same as (5’) for 
Colombia and about the same as (3’), (7’), or (5’) using 
inflation for Peru. For more details, see my earlier 
paper, Table VI. 
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_ Simple lagged inflation provides a very 
good reduced-form predictor of inflation. 
The proportionate effect on output growth 
of (the reduced form of) unexpected infla- 
tion remains about .], but now is statisti- 
cally significant in three cases ard nearly so 
for Colombia. The Durbin-Watson statistics 
exceed 1.4, suggesting that the growth ef- 
fects of unexpected changes in inflation tend 
to be solely contemporaneous. In particular, 
for Brazil and Chile, monetary growth less 
lagged inflation (December to December) 
provides a more significant explanation of 
deviations from trend growth than any of 
the other more complicated forms. The pre- 
vious autocorrelation in the residuals is now 
eliminated. Mexican output growth is also 
best explained by (7’); for the case of 
Colombia (5’) and for Peru (3’) are the best 
output equations. 

These are interesting results since the 
various reduced forms for output differ only 
in the weights assigned to past money growth 
and to the “errors” in a growth form of (2). 
Nonetheless, in rapid inflation the dif- 
ferences in weights implied by the use of 
lagged inflation yield a much better re- 
duced form proxy for predicted inflation 
than the roundabout process of proxying 
unexpected inflation by the errors from pre- 
dictions of monetary growth. To some 
degree this result could be attributed to more 
up-to-date information, but even the use of 
changes in the average price level in (7’) 
yields somewhat better results than (3’) or 
(5’). (See Table 4, fn. a.) At the least, the 
improvement in the output equation pro- 
vides additional confirmation of the point 
that .“rational” predictors of inflation in- 
volve past inflation if monetary growth 
policy is made on the basis of past inflation. 

In less rapid inflation, such as Colombia 
and Peru, in which both monetary growth 
and inflation more closely approximate a 
random. walk with trend, there seems to be 
little to choose between the different weight- 
ing schemes, and even a random walk with 
trend works. The case of Mexico is some- 
thing of an anomaly. By far the best proxy 
of inflation in the output equation is DM,— 
DP,_,, despite the random walk nature of 
the monetary process. Possibly thts is due to 
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Mexico’s greater reliance on a fixed ef- 
fective exchange rate, which would make 
money more of an endogenous variable. 

The similarity of these five-country coeffi- 
cients suggest a test of their equality. As 
shown in Table 4, no statistically significant 
difference in individual country coefficients 
is indicated by a comparison of the pooled 
SSR with the SSRs from the individual 
equations; the F-statistic is only .54 (5,105 
DF). A good approximation continues to be 
that an unexpected ten percentage point in- 
crease in the rate of monetary expansion 
yields about a one percentage point increase 
in the growth rate. This extra growth was 
“paid for,” within the sample, as money 
growth returned to its usual rate and lagged 
inflation overshot the actual rate. 

While at first glance these results seem in 
accordance with the earlier pooled results, 
they actually raise some questions and sug- 
gest the need for further theoretical and 
empirical work. Under Lucas’ hypothesis, 
the similar reaction to unexpected inflation 
discussed in Section [II made sense; all five 
countries experienced equally predictable 
money growth. Statistically similar country 
coefficients are also obtained for the re- 
sponse to monetary growth less lagged infla- 
tion, and the fits are somewhat better than 
those of Section III. However, as shown in’ 
Table 4, lagged inflation is far from an 
equally good predictor of inflation in all 
countries, which casts some doubt on the 
hypothesis that responsiveness to un- 
expected shocks in aggregate demand is in- 
versely related to the predictability of shocks 
in aggregate demand. Of course, the Lucas 
model is not strictly comparable to the one 
used here and the differences in the quality 
of the forecast seem to be between Peru and 
Mexico and the other three countries. 


IV. Experiments with Changes in Monetary 
Regimes— Brazil 


Changes in foreign circumstances or local 
government policy may have produced sub- 
stantial differences in the autoregressive 
structures of inflation within the periods 
studied. If this is true, then lagged inflation 
may be a better proxy for expected inflation 
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TABLE 5—~BRAZILIAN OUTPUT GROWTH; Two MONETARY REGIMES® 
1952-74 DY,= .060 + .090 DMR, 
(9.3) (2.7 
SEE=.0250 SSR=.0142 R?=.26 DW=1.69 
1952-65 DM,= 05 + .36 DM,.,+ 1.03 DM,_,, DMR,= =DM,-DM, 
(1.6) ‘a 8) (3.8) 
SEE=.0400 SSR=.0176 R?=.94 DW=2.36 
1967-74 DM,= 19 + .21DM,_,+ 19 DM,_,, DMR,=DM,~DM, 
(1.2) (5) (1.1) 
SEE=.0510 SSR=.0131 R?2=.19 DW=1.30° 
1966 DM,= .3115, (DM, = 2275), DMR, = .15 


Total SSR for expectation equations = .0612 


Equation (5’) using past money growth for prediction. 
bIndicates possible autocorrelation at .025 level. 


than the results of a single prediction equa- 
tion imposed over the whole period. While 
this may be remedied by using subperiod 
prediction equations, the erratic nature of 
Latin American policymaking reduces the 
usable sample size and the small number 
of annual observations prohibits use of 
ARIMA techniques. One possible exception 
is the case of Brazil which experienced a 
military coup in 1964. After 1965 the military 
government followed essentially similar 
monetary policies until 1974 (but see Samuel 
Morley) 
_ Table 5 illustrates the best results from 
subdividing the sample into pre- and 
post-1965 autoregressive inflation struc- 
tures; equations using lagged inflation as a 
predictor are slightly worse. The SSRs for 
the predictions of money growth are roughly 
a third of those obtained in Table 2, a 
statistically significant difference.” In the 
first period, monetary growth and inflation 
are unstable. The sum of the coefficients of 
lagged money growth exceed one, a statisti- 
cally significant difference, even if the con- 
stant is omitted. In the second period infla- 
tion is stable and the money supply process 
approximates a random walk with trend. 
The corresponding output equation (5’) 
dominates all previous results with a strongly 
significant coefficient for unexpected money 


The F-statistic exceeds 5, with (4,17) degrees of 
freedom; a similar result is obtained for the constraint 
of two inflationary regimes. 


growth, but one which is not significantly 
different than those obtained for the other 
four countries. This not only provides addi- 
tional cross-sectional support but confirms 
Lucas’ hypothesis in two additional ways. 
First, the predictability of inflation is about 
the same in both periods, so the response 
coefficient should be about the same but 
lower than in the developed countries. Sec- 
ond, the output equation fits much better 
when we take into account the different 
formation of expectations under the two 
different money supply processes. Unfor- 
tunately, this methodology could not be ap- 
plied to other cases, for example, Chile and 
Peru, owing to the relatively short life of 
objectively identifiable monetary regimes. 


V. Persistent Supply Shocks versus Lagged 
Effects of Unexpected Inflation 


Recent theoretical work by Lucas (1975) 
and empirical work by Barro (1977, 1979) 
suggested that unexpected increases in infla- 
tion may have persistent effects. In particu- 
lar, Barro finds significant coefficients of 
contemporaneous and two lagged values of 
unexpected changes in money in the United 
States, and jointly significant coefficients in 
the case of Mexico. The coefficients tend to 
have a triangular pattern. There obviously is 
some interest in seeing whether these results 
can be replicated. 

Persistent “supply” shocks such as crop 
failures, natural disasters, world price 
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TABLE 6— TESTS FOR LAGGED EFFECTS OF UNEXPECTED INFLATION 
Y= aota; X ta, (Time) +azY 1 taa Xe tas X "yp +agX,_5 


Brazil° Chile 
1932-74 1954-70 
=(DM,— DP,_,) X,=DMRy 
ao 54 — 86 
(1.2) (2.5) 
a, 135 108 
(1.6) (1.2) 
a, 010 015" 
(1.3) (2.5) 
a, 851 631° 
| : (1.3) | (3.9) 
a4 114 021 
(1.3) | (0.2) 
as 161 
(1.9) 
dg .004 J 
aO 
DF 16 12 
SSR .01096 002324 
SEE . 0262 01454 
DW 1.71 1.66 
FofH! 
1.62 03 
F of H$ . 
43,62 16.20 
EF of H? 


_ Sources and Notes: See Table 1. 
*Significant at the 95 percent level. l 
Indicates possible autocorrelation at the 025 level. 


DECEMBER 1980 

Colombia . . Mexico Peru 

1956-74 > °. 1950-74 1956-74 

X,= DMRS X,=(DM,— DP,_;) X,=DMR° 
— 198 — 88 — .37 
(2.2), (1.6) ~ (0.7) 

O98 | 7 130° ~- 068 

(1.4) (2.9) (0.6) 
009 013 010 

(1.4) (1.7) (0.9) 
854° .794* 796° 

(6.8) (6.6) (4.0) 

— 069 043 046 

(0.9) (1.0). (0.4) 

— .001 

(0.3) (0.3) (1 5) 

13 19 13 
001657 .00355 ‘00825 
01129 . 0137 .0252 

2.07 2.29 1.19? 

1.64 1.93 13 

46.54! 43.0? 15.8! 


“Fit using lagged money was slightly better but all coefficients of lagged money were ER The results of 


F-tests on constraints yielded similar results, 


i=3 


“DME,=DM.~ Dil, DM,=constant + = d;*DP,_, 


da3 


‘DMR, =DM,— DM,, DM, =constant + 2. d,DM,_ 


imj 
'H =a; ta ag=0 
‘H =a3=0 
2H, =a3, Ga to ag=Q, a3 =] 


ran | 


changes, and trade-exchange regimes also 


may' be important sources of persistent out: - 


put variations in’ the resource-based, exter- 
nally oriented countries : considered here. 


Casual empiricism suggests output is above 

’ for’ fairly long periods. © 
This is confirmed by the large estimated 
coefficients of lagged output cited above. . 
Moreover, such shocks may have complex 


or below “normal’ 


- interactions with monetary growth and in- 


flation. Thus, neglect of some measure of 


‘Constraint significantly affected SSR as measured by F-statistic at the 95 percent level. 


these shocks would bias the significance of 
lagged money growth in output regressions.” 
One way to reduce this problem would be to 


. include lagged values of output in. regres- 


sions of- output on lagged demand dis- 
turbances, and then test for significance of 


231 ageed output might also influence current predic- 
tions of inflation’and/or monetary growth:, However, 
this effect cannot be separated from a. lagged direct 
effect on output. 
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the two groups of variables.” While the 
inclusion of lagged output naturally would 
reduce the significance of lagged demand 
disturbances, the previous results suggest 
there is enough independent, contempora- 
neous variation in the series to permit esti- 
mation of the significance of both variables. 

Table 6 presents the joint hypothesis re- 
gression of output on time, lagged output 
(more than one lagged value of output was 
insignificant), and the current and lagged 
unexpected inflation series which yielded the 
` best fit. Generally the unexpected inflation 
series was derived from the best predictor 
used earlier, but the results of the tests are 
robust to all methods of predicting inflation 
previously used. 

Although the coefficients of contempora- 
neous and lagged unexpectéd inflation dis- 
play a triangular pattern when lagged out- 
put is omitted, this disappears when lagged 
output is included. To test for the indepen- 
dent influence of lagged unexpected infla- 
tion and of lagged output, a comparison was 
then made between the SSR obtained, omit- 
ting one or the other set of variables and 
that obtained for the joint hypothesis. Fi- 
nally, the F-statistic for the growth rate form 
is shown for purposes of comparison.” 

In all cases, omitting the lagged value of 
output significantly worsened the fit of the 
output equation. Thus lagged output en- 
ters independently of contemporaneous and 
lagged demand disturbances. However, 
omitting the lagged values of unexpected 
inflation had an insignificant effect. Thus, 
while in some cases lagged values of unex- 
pected inflation may be jointly significant in 
explaining output if lagged output is omitted, 
a large part of their significance is due to 
their correlation with lagged output. Once 
lagged output is included, lagged unex- 
pected inflation has an insignificant inde- 
pendent influence. Finally, the (constrained) 
growth rate form fits the data between two 
and four times better than regressions in- 
cluding only contemporaneous and lagged 
values of unexpected inflation and a trend. 


24 This test was suggested by Robert King. 
25 Differences in sample size mean the constrained 
SSR is not always shown in earlier tables. 
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These results indicate that if demand dis- 
turbances have lagged effects, then it is 
mainly through their initial effect on outpit. 
Further, output persistently deviates from 
trend, independently of the measures of de- 
mand disturbances used here, indicating 
strong supply effects. 


VI. Conclusions 


This paper has investigated the long- 
standing question of the relation between 
inflation and growth in Latin America by 
applying a rational or consistent expecta- 
tions approach to five inflationary Latin 
American countries. As a rule of thumb, ten 
percentage points of unexpected inflation 
raise output about one percentage point 
above trend, or yield one percentage point 
of extra growth, when the data are interpre- 
ted in a growth rate framework. The growth 
formulation cannot be rejected with the pre- 
sent set of data. 

The use of different simple hypotheses 
regarding the money supply process can 
equalize the predictability of inflation in the 
five countries under consideration. This 
predictability is low by Organization for 
Economic Cooperation and Development 
(OECD) standards. The corresponding es- 
timated coefficient of unexpected inflation 
is statistically indistinguishable across the 
five countries and significantly lower than 
in OECD countries, supporting Lucas’ hy- 
pothesis that reaction to unexpected infla- 
tion is inversely related to its predictability. 

Many different processes for forming ex- 
pectations of inflation work approximately 
as well in explaining output in medium in- 
flation countries. In Brazil and Chile, 
money growth is predicted much better by 
past inflation than past monetary growth. 
The former predictions also work better in 
the output equations. Also, at least one 
lagged value of inflation or monetary growth 
seems to have a negative correlation with 
current inflation, casting some doubt on 
adaptive expectations. Experiments with 
Brazilian data indicate fairly rapid adjust- 
ment to new monetary supply processes, as 
measured by predictability of inflation and 
fit of the output equations. 
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Judged solely by the significance of the 
output equation, lagged inflation is the best 
predictor of inflation in three of the five 
cases, and nearly as good in the other two. 
The pooled regression supports the afore- 
mentioned 10 percent rule of thumb, but 


does not permit rejection of the hypothesis: 


that the countries react similarly to un- 
expected inflation. However, this result casts 
some doubt on Lucas’ hypothesis, for lagged 
inflation is far from being an equally good 
predictor of inflation in the five countries. 

Finally, most of the output effect of un- 
expected monetary disturbances seems to be 
contemporaneous. While there are persistent 
deviations in output from normal levels, as 
the growth form would imply, these seem to 
be related more to supply shocks than to the 
lagged effects of unexpected changes in 
money. Future work will explore how these 
shocks might be related to the foreign sec- 
tor. 
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Finance. 


Interest Rates, Inflation Expectations, and 
Spurious Elements in Measured Real Income 
and Saving 


By GREGORY V. JUMP* 


The high rates of price inflation which 
began early in the last decade and continue 
today have been accompanied ty some un- 
usual movements in aggregate economic 
variables. Rates of personal saving rose 
- to record high levels in the mid-1970’s 
throughout the industrialized world. With 
the notable exception of the United States, 
these high saving rates have persisted into 
this decade. Profit rates fell below the aver- 
ages of earlier decades with the advent of 
high inflation, though there remains some 
doubt as to whether this represents some- 
thing other than a cyclical phenomenon.! 
Government deficits increased dramatically 
in the 1970’s. The fact that these develop- 
ments occurred during a period of rising 
inflation is not purely coincidental. The pur- 
pose of this paper is to point out a general 
set of dependencies which directly relate the 
foregoing events to increases in the expected 
rate of price inflation. The dependencies 
exist because of peculiarities in conventional 
measures of income. 

Conventional accounting practice is to in- 
clude interest receipts, net of interest ex- 
penses, as part of measured income and to 
exclude capital gains and losses. When the 
expected rate of price inflation increases, 
nominal rates of interest rise by an inflation 
premium which compensates the owner of a 
fixed-income asset (at least partly) for the 
capital depreciation suffered on his asset 
holdings. This causes measured income to 


*Department of political economy and Institute for 
Policy Analysis, University of Toronto. Financial sup- 
port of the Economic Council of Canada is gratefully 
acknowledged. I would like to thank Jack L. Carr, 
James E. Pesando, and Samuel A. Rea, är., for helpful 
comments on an earlier draft. 

lFor a discussion of this issue, see the papers by 
William Nordhaus and by Martin Feldstein and 
Lawrence Summers (1977). 
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change because the actual capital loss 


(creditor) or gain (debtor) on the fixed- 


income asset is not deducted from interest 
earnings or expenses in computing income. 
The measured income of creditors will rise 
with expected inflation while that of debtors 
will decline. The effects appear in both 
nominal and real measured incomes. Mea- 
sured real saving will move in the same 
direction as measured real income, and sav- 
ing rates will be similarly affected. 

If price inflation was completely neutral 
in its impacts on the economy and could be. 
perfectly anticipated, the described effects 
would still occur. Any movements in mea- 
sured real income and saving as a result of 
changes in inflation under these circum- 
stances would have to be regarded as spuri- . 
ous; they would not reflect any changes in 


economic behavior or well-being. 


In this paper it will be argued that con- 
ventional measures of income and saving 
contain spurious elements related to infla- 
tion expectations even in a world in which 
inflation is nonneutral in its impacts and 
cannot be perfectly anticipated. It will also 
be argued that a.number of recent observa- 
tions which have puzzled economists, such 
as those mentioned in the introductory 
paragraph, are partly attributable to spuri- 
ous movements associated with the rapid 
rise in inflation expectations during the early © 
1970's. 

Some connections between inflation and 
income measurement prcblems have been 
identified in isolated instances in the recent 
literature. A number of writers (for example, 
see James Pesando and Samuel Rea, Jr.) 
have observed that in order to maintain the 
real value of their assets constant during an 
inflationary period, consumers must save an 
increased fraction of their incomes. This 
comes close to the recognition of an infla- 
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tion-related spurious element in measured 
personal saving. In a different context, Feld- 
stein and Summers (1977) observed that the 
rate of profit, when measured as the ratio of 
profits-before-interest payments to capital 
stock, does not have the downward shift 
during the early and mid-1970’s that ap- 
pears in the conventional profits-to-capital 
stock ratio. This too comes close to the 
identification of an inflation-related spuri- 
ous element, though these authors did not 
recognize it as such.” 

The remainder of this paper analyzes the 
nature and magnitude of these and other 
spurious elements in measured variables. 
Section I considers the impact of a fully 
anticipated price inflation on the measured 
income and saving of an individual in an 
inflation-neutral setting. The individual’s net 
interest income is also computed using an 
inflation invariant concept of income pro- 
posed by John Hicks. The magnitude of the 
spurious element in the conventional mea- 
sure of income is shown to be equal to the 
algebraic difference between the two income 
concepts. This provides a measure of the 
spurious element which is shown to be robust 
to conditions of uncertainty and nonneutral- 
ity. 

In Section II the analysis is extended to 
an economy-wide basis, and measures of 
inflation-related spurious elements in ag- 
gregate real incomes and saving are derived. 
A general method for computing “inflation- 
adjusted” income and saving is proposed. 
The method is applied to one measure of 
the U.S. personal saving rate in Section ITI. 


I. Spurious Inflation Impacts on an 
Individual’s Real Income and Saving 


Consider the effects of perfectly antic- 
ipated price inflation on an individual whose 
entire net worth at the start of some time 
period t=1 is assumed to consist of a stock 
of nominal fixed-income assets Ay, carried 
forward from the end of the preceding time 
period. Assume that the nominal interest 


They attribute the result to a change in debt-equity 
ratios, which may be partly correct. 
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rate earned on these assets during any time 
period t is i,_,, determined at the end of 
period t—1, and that this rate is renegoti- 
ated at the end of every period with perfect 
foresight regarding all future price inflation. 
Let us also assume that interest receipts are 
subject to a proportional tax at the rate r. 

Suppose this individual expects to live 
until the end of time period t=N. Any 
assets, A, > 0, which he holds at the time of 
his death will be passed on to his heirs in 
the form of a bequest. The real value of any 
such bequest will be (A,/P,,) at the time of 
his death. 

The individual may be presumed to have 
a utility function of the form U= 
U(C,,Cy,....Cy; (Ay/Py)), where C, de- 
notes his real consumption during period t.? 
At the start of period 1 he will choose the 
values of C(t=1,2,...,N) and (A,/Pw) 
which maximize utility, subject to the re- 
striction that A, 20 and the following 
budget constraint: 


(1) A,=(1+(l—7) i Ap 73G 


The budget constraint is expressed in 
terms of nominal assets and the nominal 
rate of interest, but since the arguments in 
the utility function are all real variables, it 
would be more appropriate to express it in 
real terms. This is accomplished by simply 
dividing both sides of the equation by the 
price level P,: 








(2) A, _ (1+(1—7)i,_,) A, -C 
P, (P/P) P,- ' 
t=1,2,..., N 


The term in square brackets in (2) defines 
the after-tax real rate of interest faced by 
the individual at the end of period t— 1; or, 


The bequest enters the utility function in real, as 
opposed to nominal, terms because the individual is 
presumed to be concerned with the well-being of his 
heirs. His heirs will be better off the larger the stream 
of real consumption they can obtain over their life- 
times. This is affected by the real value of the bequest. 


992 THE AMERICAN ECONOMIC REVIEW 


what is the same thing, it measures the rate 
of transformation of real saving in period 
t—1 into real consumption in period t.4 
Letting r,_, denote this after-tax real rate of 
interest, the budget constraint may be writ- 
ten as 

A, 
(3) pate n yt —C,; t=1,2,. 
-1 


Suppose this ana lives in a com- 
pletely inflation-neutral world where 
changes in the perfectly anticipated rate of 
price inflation have no impacts upon real 
decisions or constraints faced by him or any 
other economic agent. Suppose, initially, that 
the rate of price inflation expected to prevail 
into the indefinite future is zero, so that the 
future price level will remain at the constant 
value Py established during period t=0. For 
simplicity, assume that the nominal interest 
rate is alsc expected to remain constant at 
the value i(0). The after-tax real rate of 
interest will also be constant at the value 
r=(1—7)i(0). 

Let Ct and A(0), denote the values of 
real consumption and nominal bequest, re- 

spectively, which maximize the individual’s 
utility under these circumstances.” With C* 
and A(0),, determined, the budget constraint 
implies that there is one time profile of real 


‘The concept of a real rate of interest is, of course, 
attributable to the classic work of Irving Fisher (1896, 
1930). Fisher dealt with a taxless world :n which the 
real rate r is zelated to the nominal rate i and the rate 
of price inflation p through the famous Fisher equa- 
tion: r=(i—p)/(1+p). Fisher emphasized that (1+r) 
measures the rate at which consumers can transform 
current real saving into future real consumption. In- 
deed, that is the basis of Fisher's equaticn, In subse- 
quent literature, the p in the denominator of the origi- 
nal equation has often been ignored, and the approxi- 
mation r=i~—p is the more familiar equation. In a 
world where nominal interest receipts are taxed at the 
rate 7, the rate of transformation of current real saving 
into future real consumption is still (1 +r), but r is in 
that case the after-tax real rate of interest. The ana- 
logue to Fisher’s equation in a world with taxes is 
r=[(1-—r)i-p]/(i +p). This is the basis of the concept 
of the after-tax real rate used in this paper. The p term 
in the denominator of: this expression is retained 
throughout the analysis. 

>The specific nature of the bequest motive has no 
bearing on the analysis to follow; in particular it does 
not matter whether the individual chooses to leave a 
nonzero bequest. What does matter is that he is able to 
define an optimal real consumption stream which 
dominates any other feasible stream. 
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asset accumulation which is consistent with 
the optimal consumption-bequest plan. Let 
A(0), represent the optimal asset holding at 
the end of period t which is consistent with 
this plan. 

Under the conditions specified here, the 
individual will have measured real income, 
after tax, of Y(0), equal to (1-~71)i(0) 
(A(0),_,/P) during period t. He will have a 
personal saving rate of s(Q),, equal to 1— 
C*/Y(0), in the same period. Consider how 
these measured values would differ if, in- 
stead of zero price inflation, some other rate 
of inflation, p#0, were to be perfectly antic- 
ipated for time period t= 1 and beyond. 

Since the individual is assumed to live in 
an inflation-neutral world, we know that a 
change in the value of p can have no effects 
on the real constraints he faces or the real 
choices he makes. Indeed, this is the mean- 
ing of “neutrality.” To translate that into 
the concepts developed above, a change in 
the value of p must leave his real budget 
constraint (equation (3)) unaltered. This can 
only happen if the after-tax real rate of 
interest is invariant to such a change. With r 
unaffected by a change in p, the individual’s 
optimal real consumption-bequest plan will 
not vary; C;* will remain the optimal value 
of real consumption during period t. Simi- 
larly, the real value of the bequest in period 
t=N will remain equal to (A(0),/P)). Of 
course, the nominal value of the optimal 
bequest will change with p because changes 
in the rate of price inflation will alter the 
price level, Py- 

Denote the nominal value of the optimal 
bequest when inflation occurs at the rate p 
as A(p)y. From the preceding it is clear that 
A(p)y will be equal to (1+p)“A(O)y. The 
change in the nominal value of optimal as- 
set holdings will not be restricted to the 
terminal period. The nominal stock of assets 
at the end of every time period t>0 will 
change in such a way as to keep the real 
value of assets at the levels which satisfy the 
optimal real consumption-bequest plan. 
Formally, 


(4) A(p)=P| on =(1+p) A(0), 


t=1,2,...,N 
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where A( p), denotes the new optimal asset 
holding in nominal terms. 

With inflation neutrality, the nominal rate 
of interest must contain an “inflation pre- 
mium” which compensates the holder of 
fixed income assets for both price changes 
and any changes in tax liabilities which 
might accompany them. The nominal rate 
associated with sustained inflation at rate p 
will be denoted as i( p). Its relationship to r, 
p, and 7 is given by 


(5) (p= EEE Op) + 52 


A change in sustained inflation from zero 
to p will cause the nominal rate to change 
by i(0)p+p/(l—r). The first component 
i(0)p compensates for the effects-of inflation 
on the purchasing power of interest receipts. 
The second, p/(1-—7), compensates for the 
capital depreciation incurred in the real 
value of the stock of fixed assets. This latter 
term is “marked up” by the tax factor 1/ 
(1—7) because interest earnings are subject 
to tax, whereas capital depreciation is not.® 

When p+0, the measured value of the 
individual’s real income in period t is given 
by 


(6) ¥(p)=(1- -rip et 


= ¥Ox+9| Dita 


t 


There has been a change in the measured 
value of his real income which must be 
regarded as spurious, because he is no better 
or worse off when p30. The magnitude of 
the spurious change is 


It is clear that d, =0 as p 20; a positive rate 


©The point that the inflation premium embodied in 
the nominal rate of interest should contain the tax- 
adjusted term p/(1—r1) in an inflation-neutral world 
appears to have first been emphasized by Michael 
Darby. 
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of inflation will cause a spurious increase in 
measured real income, while a deflation will 
cause a spurious decrease.’ 

Note that since inflation is assumed to be 
perfectly anticipated, the right-hand side of 
equation (7) may be written as (p/(1+ 
P)XA(P),- 1/1). From this it is clear that 
the magnitude of the spurious element in 
any time period is independent of the date 
at which inflation at the rate p first begins. 
The only time-varying component of d, is 
the quantity (A(p),_,/P,_,), the real value 
of optimal assets at the end of period t—1. 
We have seen that this is determined solely 
by the optimal consumption-bequest plan 
and is independent of current and past rates 
of inflation. A return to anticipated infla- 
tion of p=0 at the end of period t— 1 would 
eliminate the spurious element in period t 
and beyond. 

The individual’s measured saving rate in 
period t will also be affected by the spurious 
element d,. 


iy 


When p>0O, s(p), will exceed s(0), and the 
opposite occurs when p <0. The individual’s 
measured saving rate will rise and fall with 
the perfectly anticipated rate of inflation, 
even though his real consumption is unaf- 
fected by such variations. 

The spurious element d, arises because 
the conventional income measure includes 
the flow of interest earnings associated with 
fixed income assets, but it excludes capital 
gains or losses in the real value of such 
assets. When p rises, i rises to compensate 
for capital depreciation, and the flow of 
interest earnings rises by proportionately 
more than the price level. Since conven- 
tional accounting procedures do not deduct 
capital depreciation from interest flows, 
nominal measured income also rises dispro- 


’The restriction that the results apply only during 
t< WN has been discarded, beginning with equation (6). 
The spurious element d, will persist for as long as 
inflation remains at p. The heirs of the individual will 
also live in this inflation-neutral world. Their measured 
real incomes will also contain spurious elements analo- 
gous to d,. 
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portionately to the price level. The size of 
the capital depreciation in time period t is 
PA(p),-; in nominal terms. In real terms, 
the value is p(A(p),_1/P,), precisely equal 
to the value of d, identified in (7). 

Conventional saving is measured as the 
difference between income and expenditure. 
Any spurious movement in measured in- 
come must also appear in measured saving. 
The conventional definition assures that 
measured saving will be equal to net asset 
accumulation. When inflation is p>0, the 
individual must accumulate p(A(p),_1/P,) 
more real assets during period t than he 
would have with p=0 in order to offset 
capital depreciation and achieve the desired 
real stock A( p),/P, by the end of the period. 
He therefore “saves” more during inflation 
in a conventional accounting sense. 

The message conveyed by these results is 
that movements in measured real income 
may not provide reliable indications of 
changes in an individual’s economic well- 
being during periods of inflation variability. 
Movements in measured saving rates may 
not reflect behavioral changes in the con- 
sumption-saving decision. 


A. Inflation-Adjusted Income 


Real world individuals have interest- 
bearing liabilities as well as assets. They also 
earn incomes from human capital and other 
real assets, but inflation appears to give rise 
to spurious movements only in interest flows. 
(This issue is examined more closely in the 
following section.) The preceding analysis 
suggests an adjustment which could be made 
to observed values of an individual’s total 
after-tax income to eliminate these spurious 
affects. Let yd, denote an individual’s con- 
ventionally measured real disposable in- 
come, let w, denote his after-tax real income 
from noninterest sources, and let NA,_, de- 
note his net holdings of nominal fixed- 
income assets (A(p),_1, less all debt liabili- 
ties for which interest expenses are deducted 
in computing conventional income).® The 


8In general, any interest expenses incurred in the 
process of earning receipts are deducted in computing 
measured income. 
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term yd, is defined as the sum of w, and 
(l—7)i(p)(NA,_,/P,). The inflation-ad- 
justed measure of income suggested by the 
earlier results is 


(9) ydf =yd,—d, 


where d; is defined as p(NA,_,/P,) in.a 
straightforward extension of equation (7). 
The construct yd* would provide a mea- 
sure of real income which is invariant to 
changes in perfectly anticipated inflation in 
an inflation-neutral world. Whether it would 
be appropriate in a nonneutral world with 
inflation uncertainty remains to be de- 
termined. As a prelude to that question, 
note that the definition of the after-tax real 
rate of interest allows ydf to be written as 


(10) yd*=w,.+(1+p)r(NA,_,/P,) 


The adjustment procedure amounts to re- 
placement of the after-tax interest flow 
which appears in conventional income as 
(l~—7r)i(p)(NA,_,/P,) with the alternative 
measure (1+p)r(NA,_,/P,). In other words, 
the adjustment procedure implies that inter- 
est flows are better measured using real, as 
opposed to nominal, rates of interest. With 
inflation neutrality, the after-tax real tax 
rate is invariant to p, and equal to (1 —7)i(0); 
hence measured income yd, will be equal to 
yd* only when the rate of inflation is equal 
to zero. 

It is interesting that Hicks considered 
some of these same issues more than four 
decades ago. Hicks did not differentiate be- 
tween real and nominal rates of interest but 
was concerned with defining a concept of 
income which would not vary with changes 
in price levels. He concluded that “in- 
come...must be defined as the maximum 
amount of money which an individual can 
spend this week and still expect to spend the 
same amount in real terms in each ensuing 
week” (p. 174). An alternative, but equiva- 
lent, way of stating this, when the after-tax 
real rate of interest is constant over time, is 
to define real income as the maximum 
amount the individual can consume in any 
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period, and still leave, his end-of-period real 
net worth unchanged.’ 


Hicks did not confine his definition to . 


income from fixed-income assets and was 
convinced that it could never be computed 
in the real world. Computation would re- 
quire knowledge of all future receipts and 
price levels—obviously an impossibility. 
However, when applied only to interest 
flows, it is not impossible to compute, even 
in an uncertain world.’° In an inflation- 
neutral world with perfect certainty, it is 
obviously simple to compute Hicks income 
from net fixed-income assets NA,_,. The 
value is (1+p)r(NA,_,/P,), precisely the 
concept I have argued is appropriate to in- 
flation-adjusted income, yd*. 

We are now in a position to interpret the 
inflation-adjustment procedure as replace- 
ment of conventional net interest income 
with Hicks income derived from interest- 
bearing net assets. The spurious element ap- 
pearing in the conventional measure is the 
difference between net interest receipts and 
Hicks income. 

Let us extend these ideas to a world of 
uncertainty and nonneutrality. I shall define 
as spurious any inflation-related movement 
in conventionally measured interest income 
which does not also appear in Hicks in- 
come. If a change in inflation expectations 
causes conventional interest income to 
change by some amount X,, and Hicks in- 
come by some other amount X,, then the 
difference, X,—X,, will be regarded as 
spurious. 


B. Uncertainty and Nonneutrality 


Inflation expectations are seldom held 
with certainty in the real world. Differences 
between ex ante expectations and ex post 
realizations can and often do occur. Real 
world inflation is also not neutral in its 
impact upon real opportunities and deci- 
sions. The effects of inflation on real money 


°The second statement is essentially the wording 
used by Milton Friedman in defining his concept of 
permanent income. 

10This issue is considered later in this section. 
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balances and upon the tax liabilities of cor- 
porations provide two examples of how a 
change in the rate of inflation will cause a 
redistribution of real resources.!! In addi- 
tion, empirical evidence suggests that a 
change in inflation expectations alters nomi- 
nal interest rates on approximately a one-to- 
one basis; that is, a rise in the expected rate 
of inflation by some amount Ap*® will cause 
nominal interest rates to rise by approxi- 
mately this same amount.’? Under these cir- 
cumstances, the after-tax real rate of interest 
facing any investor with a positive tax rate 
will vary inversely with the expected rate of 
inflation. 

Under conditions of uncertainty, Hicks 
income during period t is defined as the 
maximum amount an individual can con- 
sume during the period, given the realiza- 
tion P,, and still expect to be able to con- 
sume the same amount in real terms in each 
ensuing time period.’? Under the assump- 
tion that the individual expects to be able to 
earn the same ex ante after-tax real rate of 
interest 7,_, in period t and all future time 
periods, Hicks income for an individual with 


114 number of recent studies have investigated the 
impacts of inflation on the taxation of corporations. 
The consensus finding is that corporations face higher 
real tax burdens when inflation rises because deprecia- 
tion expenses are allowable only at historical costs. For 
a discussion of this and other issues, see John Shoven 
and Jeremy Bulow, Glenn Jenkins, and Feldstein and 
Summers (1978). 

12See, for example, the studies by William Yohe and 
Dennis Karnosky, Otto Eckstein and Feldstein, and 
Feldstein and Summers (1978) using U.S. data, and the 
studies by Carr and Smith and Carr, Pesando and 
Smith using Canadian data. A paper by Thomas Sar- 
gent presents a summary of recent empirical literature. 

3 Hicks was careful to distinguish between ex ante 
and ex post versions of his income concept under 
conditions of uncertainty. The definition in the text is 
the ex post version, based on the realization of the 
actual price level P,. This seems the appropriate con- 
cept for the issues being examined in this paper, insofar 
as other components of income can be measured only 
ex post; i.e., after they are realized. The ex ante version 
defines income as the maximum amount the individual 
expects to be able to consume at the start of period t, 
and still be able to expect to consume that same 
amount in real terms in each ensuing time period. The 
ex ante version is based on the expectation that P, will 


equal (1 +p )P -r 
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initial net assets of NA,_, is (1+ 
pe)r,.,\(NA,_,/P,).4 The variable pf is the 
rate of price inflation expected to prevail 
during period t, with the expectation held as 
of the start of the period. The spurious 
element in conventional income in this case 
is pf(NA,_,/P,), analogous to the earlier 
expression, except that př is now the ap- 
propriate inflation variable. The interesting 
result is that the spurious element, and hence 
the appropriate adjustment factor to use in 
“correcting” measured income, depends only 
upon the current value of pf. It is indepen- 
dent of the fact that inflation may be non- 
neutral in its effects upon interest rates. 
Does this result make sense? A simple 
illustration should convince us that it does. 
Suppose that inflation was formerly zero but 
rises to some expected rate př >0 at the start 
of period t. Consider the kind of inflation 
premium which appears to operate in the 
real world: the nominal rate of interest rises 
from i(0) to i(p)=i(0)+pf, a one-to-one 
response. If inflation expectations are real- 
ized in period t, the real value of conven- 
tionally measured interest income will 


change in proportion to (1+p°—i(O)p*)/ ` 


14There is practically no empirical evidence to judge 
whether it is reasonable to assume individuals expect to 
earn the same after-tax real rate of interest in all future 
periods. The issue is really one invoiving the term 
structure of after-tax real rates of interest. Most empiri- 
cal studies of the term structure have looked only at 
nominal rates and have found support for the expecta- 
tions hypothesis. However, there is nothing inconsistent 
with these findings and the assumption. If the marginal 
investor does expect to earn the same after-tax real rate 
over all holding periods, then nominal rates on long- 
term securities can still differ from those on short-term 
securities, provided that long-term inflation expecta- 
tions differ from short-term inflation expectations. In 
fact, the relationship between long-term rates and cur- 
rent and future expected short-term rates implied by 
the expectations hypothesis will still hold for nominal 
interest rates under these circumstances. If the assump- 
tion is not valid, Hicks income becomes 


I+ 
1+7F 





O = COT 


where F is the after-tax real rate of interest the individ- 
ual expects to earn in all subsequent periods starting 
with t+1. Measured income still contains a spurious 
_ element in this case, but its identification is more 
complicated than the expression given in the text. 
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i(0{1 +p*). For values of i(0)< 1 this will be 
positive in sign, and conventionally mea- 
sured real income will rise. But if the indi- 
vidual faces a tax rate r>0, r,_, will decline 
as a result of this and he will be worse off. 
Hicks income will decline. The conventional 
measure does show a spurious increase un- 
der these circumstances, and if we believe 
that Hicks income prov-des a better mea- 
sure of interest income, then the magnitude 
of the spurious effect is p°(VA,_,/P,) as 
derived above. 

How does unexpected inflation affect this 
result? Suppose p’=0, tut inflation at the 
rat2 p,>0O occurs unexpectedly during per- 
iod t. The individual is surely worse off. 
Hicks income will decline by the amount 
Prt 1(NA,_1/P;-1). Conventionally mea- 


` sured income will also decline by the amount 


PA. —T)iQO)(NA,_ | /P,_ 3. Since r,_, will be 
equal to (1 —r)i(0) when př is equal to zero, 
both income measures will decline by the 
same amount. There is nothing spurious in 
this case because inflation was not antic- 
ipaled. This is also a plausible result. 


I. Spurious Elements on an Economy-Wide 
Basis 


Since the spurious elements in the mea- 
sured real income of an individual are robust 
to considerations of uncertainty and non- 
neutrality, we can probe for their existence 
in an economy-wide setting by considering 
the effects of perfectly anticipated inflation 
on a hypothetical, inflation-neutral econ- 
omy. Consider a closed economy consisting 
of a government sector, a corporate sector, 
and a personal sector in which all produc- 
tion is undertaken by corporations. Suppose 
that all corporate and government debt is 
held by persons who have no direct debt 
obligations of their own. 

To ensure inflation neutrality, taxes in 
this economy will be assumed to be levied at 
the same proportional rate r on all corpo- 
rate and personal incomes. The tax system 
wili be assumed to be fully integrated so 
that double taxation does not occur. Specifi- 
cally, assume the following: 

1) Interest payments on corporate debt 
are an allowable deduction from corporate 
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taxes, but interest receipts of persons are 
taxed at full rates. 

2) Corporate taxes are levied on nomi- 
nal profits before dividends, and dividend 
receipts of persons are tax exempt. 

3) Corporations are permitted to depre- 
ciate investment expenses at replacement 
costs in computing taxable income. 

4) Inflation-related capital gains accru- 
ing to equity-owners are not taxed. 

To further ensure that inflation is neutral, 
the after-tax real rate of interest is assumed 
to be constant at the value r. The nominal 
rate of interest is, therefore, given by 


_rUtp) |p 
(11) i (I=) + (i—s) 


where p denotes the perfectly anticipated 
rate of inflation. To avoid the nonneutrality 
problems which can arise in the real world 
where inflation affects the real return derived 
from holding money balances, we shall as- 
sume that money, if it exists at all, yields 
interest at the nominal rate i. Money is, 
therefore, indistinguishable from govern- 
ment debt in this economy. 

In order to simplify the analysis, let me 
make the following additional assumptions, 
none of which is critical to the results: 

5) Corporations distribute all receipts in 
excess of expenses as dividends. 

6) The population of this economy is 
static, real economic growth is zero, and all 
investment outlays represent replacement 
expenditures. | 

The economy will be assumed to have 
been in a steady-state equilibrium with zero 
price inflation prior to time period t= 1. Let 
P,=1.0 be the price level during this histori- 
cal interval. A fully anticipated inflation at 
the rate p begins in period t=1 and all 
wages and prices rise at this rate thereafter. 
Debt contracts are renegotiated at the end 
of every time period so that interest pay- 
ments made in period t are based upon i,_. 
As a consequence of these assumptions, the 
nominal interest rate rises from i(0)(=r/(1 
—7)) to the new value i, given in (11) at the 
end of period t=0. It remains at the new 
value i thereafter. 
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The onset of inflation will alter the mea- 
sured values of real income and saving for 
each of the three sectors of this economy. 
The government and corporate sectors, 
which are net debtors, will experience 
declines in measured income and saving. 
The personal sector—a net creditor—will 
experience the opposite effects. Since this 
economy is inflation neutral, the advent of 
inflation cannot alter the claims on real 
resources accruing to any of its participants. 
Inflation-induced changes in measured in- 
come and saving must be spurious. 

To identify the spurious elements, let us 
compare conventionally measured values of 
income and saving variables before and after 
inflation with the aid of the following nota- 
tion. For any nominal income or saving 
flow X, the symbol X, will denote its value 
during period t> 1, while X will be used to 
denote its value during the pre-inflation in- 
terval (t<0). Postinflation real values are 
given by X,/P,. Note_that since P} is as- 
sumed to equal.1.0, X represents both the 
nominal and real value of the variable X 
prior to the onset of inflation. The variable 
X also measures pre-inflation real income 
using Hicks’ definition. Under inflation neu- 
trality, Hicks income cannot change after 
inflation begins. Any differences between 
X,/P, and X which show up in the postinfla- 
tion period must be spurious, and the mag- 
nitude of these spurious effects is measured 
by the difference (X,/P,—X). 


A. The Government Sector 


It will be assumed, consistent with earlier 
assumptions, that the government sector was 
in a zero net balance position prior to the 
advent of inflation. During this period out- 
standing government debt was constant at 
the nominal equals real value DG, and tax 
receipts matched the sum of interest pay- 
ments i(0)DG, and government purchases of 
goods and services G. The nature of the 
assumed tax system is such that tax reve- 
nues are effectively generated by applying 
the tax rate 7 to the sum of nominal gross 
national product Y, and interest on govern- 
ment debt less nominal investment outlays 
I, The values of SG, the government budget 
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surplus (+) or deficit (—), before and after 
inflation are therefore given by the follow- 
ing: 


(12a) 
SG=1(Y—I+i(0)DG) — G—i(0)DG=0 
(12b) 
SG,=1(¥,-1,+iDG,_,)—G,-iDG,_, 


The neutrality of this economy guarantees 
that real values for consumptior, investment 
and government expenditures will be unaf- 
fected by the onset of inflation. It follows 
that the nominal variables Z, G,, and Y, will 
all grow at the rate of price inflation. No 
spurious elements will arise in measured val- 
ues of total GNP or any of the components 
of aggregate demand.’ 

The effect of inflation is to increase the 
nominal rate of interest by proportionately 
more than p, so that interest payments on 
the government debt rise by more than the 
percentage increase in the price level. As- 
suming DG>Q, initially, the government is 
forced into a deficit position with the onset 
of inflation; i.e., SG,<0. The government 
must increase its nominal borrowing period 
by period in order to maintain a constant 
value of real expenditures and meet its debt 
obligations. It is easy to verify that the 
government debt must rise over time in 
accordance with 


(13) DG,=(1+p)'DG 


' The nominal value of debt will increase 
with the price level. The issue of new nomi- 


'5The measured values of real GNP may contain 
spurious elements in an open economy, if that economy 
is a net debtor (creditor) internationally. An increase in 
expected inflation will cause 2 spurious decline (in- 
crease) in the measured value of real GNP of a net 
debtor (creditor) economy. The effect operates via the 
current account of the balance of payments. Measured 
imports include interest paid abroad, while measured 
- exports include interest received from abroad. The real 
value of the current account balance of a debtor (credi- 
tor) country will show a spurious worsening (improve- 
ment in response to an increase in the expected rate of 
inflation. 
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na! debt in every pericd will provide the 
government with precisely the revenues nec- 
essary to cover its deficit. The real value of 
debt DG,/P, will remain constant and equal 
to DG. There has been no transfer of real 
wealth from the government to other sectors 
of the economy, even though the develop- 
ment of a budget deficit might give that 
impression to the casual observer. 

Inflation gives rise here to a spurious ele- 
ment in the governments nominal budget 
balance. That spurious element does not 
disappear if the balance is deflated by the 
price level and expressed in real terms as 
sg,(=SG,/P,). Clearly sg, will be negative . 
whenever the nominal value, SG,, is less 
than zero. The magnitude of the spurious 
element is readily identified. In real terms, it 
is given by 


(14) = (sg,--SG) = -»( 2S | 


The form of (14) suggests a correction 
precedure designed to purge observed val- 
ues of the real government budget balance 
cf -ts spurious component. The correction is 
a straightforward extension of the method 


` prcposed in the preceding section for the 


income of an individual. An inflation- 
adjusted value of sg, may be obtained by 
simply subtracting from the observed value, 
the quantity (—p/(DG,_,/P,)), where pë is 
the expected rate of price inflation during 
period t, with expectation formed at the end 
of period t—1:'© The appropriate measure 


- 164 logical question at this voint is, why not com- 
pute an inflation-adjusted government balance using 
the actual. rate of inflation p, instead of the expected 
rate pf? This would be simple to compute since p, can 
be observed directly. The answe- to this question hinges 
on what is considered to be the most useful concept of 
income. A correction based upon p, effectively mea- 
sures interest income using the ex post after-tax real 
rate of interest. A correction based upon př effectively 
measures interest income using the ex ante expected 
valu2 of the after-tax real rate of interest. The latter 
concept has an economic interpretation; it is Hicks 
income, or in more familiar terms, it is the permanent 
income derived from fixed-inccme assets. The former 
concept has no ready interpretation. Since permanent 
income has been found to be a useful concept in 
consumer theory, the adjustment based on pf is concep- 
tually more appealing. 
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of DG,_, is the market value of debt out- 
standing at the end of period t— 1. 

A final consideration in regard to the 
government sector applies to the effect of 
inflation on the measured value of real tax 
receipts. The pre- and postinflation values 
of real taxes are given by 


(15a) TX=7(Y—I+i(0)DG) 
` TX, =; T DG,_ 
(15b) m = TR+(=2)p( 264 | 


There is a spurious effect here which 
makes the real tax burden faced by the 
private sectors of the economy appear to 
rise with the expected rate of inflation. Un- 
der inflation neutrality the holders of 
government debt have been fully com- 
pensated for the rise in p via the inflation 
premium in i. Their real tax burden cannot 
have truly increased. The term involving p 
on the right-hand side of (15b) is a spurious 
element and suggests an obvious correction 
factor to apply to real world observations. 


B. The Corporate Sector 


The real market value of corporations V 
is the present value of future after-tax real 
interest and dividend payments, discounted 
by r. Under inflation neutrality, the value of 
V is invariant to changes in the rate of 
inflation. In the economy under considera- 
tion, V is given by 


(16)  v=7= (1 a W-I) 

where W denotes the inflation-invariant real 
value of wages and salaries paid by corpora- 
tions. 

The value V is distributed between debt 
and equity, on some basis determined by 
the equity owners of corporations. Let DC, 
and E, denote the nominal values of corpo- 
rate debt and equity, respectively. Assume 
that prior to the onset of inflation, the debt- 
equity ratio was constant at the value DC/ E. 
I have made no assumptions which would 
lead to any preferred value for this ratio, so 
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it is reasonable to suppose _ that whatever 
factors lead to the value DC/E prior to 
inflation remain in force after inflation be- 
gins.” This implies that both DC, and E, 
will rise at the rate of inflation, so that 
DC,/E,=DC/E. 

Under this assumption, the real value of 
pretax profits II, before and after inflation, 
may be compared. 


(17a) I=Y—-W—I-i(0)DC 








There is a reduction in conventionally 
measured real profits as a consequence of 
the acceleration in inflation. This must be a 
spurious effect because the value of V is 
unaffected by inflation and the debt-equity 
ratio has been assumed constant. The spuri- 
ous decline occurs because corporations are 
net debtors and inflation increases interest 
payments disproportionate to its effects on 
the price level. As was the case in my previ- 
ous findings, the magnitude of the spurious 
element varies with p and is independent of 
the period of time that the economy has 
been inflating. 

Movements in aggregate U.S. profit rates 
since the advent of high inflation in the late 
1960’s and early 1970’s have been a topic 
of some debate in the recent literature. 
Nordhaus initiated the discussion with the 
observation that a postwar downward trend 
in profit rates seemingly accelerated during 
the early 1970’s. I have little to say about 
the earlier years, but the profit performance 
of the last decade surely. reflects in part a 
spurious downward tendency eminating 
from accelerated inflation expectations. How 
much of the 1970’s downtrend in the profit 
rate can be explained by this effect is an 
empirical issue I leave for future research. 


/Capital gains on equities are not taxed in my 
hypothetical economy, but full integration of the cor- 
porate and personal tax systems make it impossible for 
equity owners to avoid being taxed on the corporate 
earnings which give rise to capital gains. The tax struc- 
ture does not therefore give preference to any particu- 
lar debt-equity ratio. In fact, debt and equity claims are 
perfect substitutes because there is also no uncertainty. 
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The pre- and postinflation values of 
nominal dividends Z in my hypothetical 
economy are given by 


(18a) Z=(1—r)II 
(18b) Z,=(1+p)'(1-7)T, 
+(DC,—DC,_,)=(1+p)'Z 


Corporations are able to maintain nomi- 
nal dividend payments which rise pro- 
portionately with the price level after the 
onset of inflation. They are able to do this, 
even though measured profits are reduced 
by inflation, because the receipts derived 
from new nominal debt issues are exactly 
sufficient to compensate for the reduction in 
profits. This finding simply confirms that a 
neutral inflation does not redistribute real 
wealth from equity to debt holders or vice 
versa. 


C. The Personal Sector 


A spurious element emerges in the post- 
inflation measured values of aggregate dis- 
posable income and personal saving in this 
economy in a form completely analogous to 
that which appeared in Section I for an 
individual. The onset of inflation at the rate 
p causes the nominal values of both mea- 
sured disposable income YD, and personal 
saving SP, to rise by the amount 


(19) D,=p(DG,_,+DC,_,) 


The real values of measured income and 
Saving rise by the spurious amount d,(= 
D,/P,), analogous to equation (7) in Sec- 
tion Í. 

The spurious element arises here because 
of the personal sector’s status as net creditor 
of government and corporate debt obliga- 
tions. It is interesting to note that corporate 
‘debt contributes to this effect even though 
ownership of corporate equity rests with the 
personal sector. The spurious increase in 
measured interest incomes of corporate debt 
holders is not offset by a decline in the 
measured incomes of equity holders. An 
offset does not occur because debt holders 
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“save” their spurious income gains by 
acquiring new nominal debt in sufficient 
quantities to enable corporations to main- 
tain a constant flow of real dividends to 
equity holders. 

The postinflation measured value of the 
personal saving rate sp, reflects the spurious 
element associated with income and saving. 


SP, (SP+d,) 


20 = —— = —— 
) YD, (YD+d,) 

The form of (20) suggests an inflation- 
adjustment procedure designed to purge 
observed values of sp, of its spurious ele- 
ments. An inflation-adjusted personal sav- 
ing rate derived from real world observa- 
tions may be computed as 


On gpr- SERENA) 
i (YD. =PENAg 1) 


where p, is the one-period expected rate of 
price inflation and NA, ,_, and NA, ,_, are 
market values of net interest-bearing assets. 

It is necessary in (21) to distinguish two 
net asset concepts in order to conform with 
National Income and Product Accounts 
(NIP) conventions. The term NA, denotes 
total net interest-bearing assets of the per- 
sonal sector and is the appropriate concept 
to use in purging the spurious element from 
observed values of NIP personal saving. The 
term NA, is defined as NA,, plus total con- 
sumer credit liabilities of the personal sec- 
tor, and is the appropriate concept to apply 
to observed values for NIP disposable in- 
come. Interest payments on consumer credit 
liabilities are not deducted from income re- 
ceipts in the computation of NIP values for 
personal income. These expenses are, how- 
ever, considered to be expenses in the com- 
putation of NIP values for personal saving. 

It is important to give the correct inter- 
pretation to the inflation-adjusted saving 
rate. The term sp* is an estimate of the 
personal saving rate which would have pre- 
vailed during period t had consumers faced 
all of the same constraints which actually 
prevailed during that period, with pf equal 
to zero. It is incorrect to interpret sp* as 
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simply the saving rate which is associated 
with zero expected price inflation. The latter 
interpretation might be appropriate for an 
inflation-neutral world, but in a nonneutral 
world, values for sp,* will vary over time 
because the values of net worth and the 
real rate of interest are not constant. Any 
period-to-period variations which are ob- 
served in sp will reflect true behavioral 
responses to the determinants of real saving 
decisions. Thus, the inflation adjusted, as 
opposed to the conventionally, measured 
value of the saving rate is the appropriate 
variable to use in an empirical study of 
saving behavior. 


Iii. Conclusions: The U.S. Personal Saving Rate 


The preceding analysis has revealed that 
spurious elements arise in many measured 
real variables when the ex ante real and 
nominal after-tax rates of interest diverge. 
This occurs whenever the expected rate of 
price inflation is nonzero and is indepen- 
dent of whether nominal rates incorporate a 
fully tax-adjusted inflation premium.. The 
finding has important implications both for 
the intertemporal comparison of economic 
variables and for empirical research. If 
economists are unaware of the existence of 
spurious elements, movements in observed 
variables which occur during periods of ac- 
celerating or decelerating inflation are apt 
to be puzzling. They may be tempted to 
conclude that traditional economic theory is 
inadequate to explain observed phenomena. 
The remedy is to identify the spurious com- 
ponents and compute inflation-adjusted val- 
ues for the affected variables. A number of 
suggestions have been made as to how this 
might be done. 

In order to give some indication of the 
magnitudes involved, I will forego the usual 
concluding comments and end this paper 
with an empirical computation of an infla- 
tion-adjusted time-series for the U.S. per- 
sonal saving rate. This is the aggregate vari- 
able which is probably more susceptible to 
inflation-related spurious movements than 
any other. It is also the variable which has 
prompted the greatest volume of empirical 
literature over the past decade. 
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Following a long period of relative sta- 
bility, the U.S. personal saving rate began 
to rise in the late 1960's. It reached a post- 
war high of 7.8 percent in 1973, before de- 
clining to more “normal” values in 1976-78. 
Preliminary estimates for 1979 suggest a 
measured value which is low by historical 
standards. Our computations will show that 
on an inflation-adjusted basis the value of 
the U.S. saving rate has been well below the 
postwar average since 1976. 

A number of research efforts have been 
aimed at explaining the behavior of the U.S 
saving rate during the early 1970’s. Most 
studies (see for example, Thomas Juster and 
Paul Wachtel, 1972a, b) have attributed this 
phenomenon to increases in inflation risk.'® 
Theoretically, households ought to alter their 
consumption-saving plans in response to in- 
flation risk. However, theory does not pre- 
dict the direction of the effect on saving: the 
saving rate could rise or fall as risk in- 
creases, depending upon individual’s pref- 
erences and the distribution of their lifetime 
earnings. Empirical studies which include 
some measure of inflation risk among the 
explanatory variables in a regression with 
the measured saving rate as dependent vari- 
able are very likely to obtain a positive 
coefficient. The reason for this is that mea- 
sures of inflation risk tend to rise and fall 
with the level of inflation. Attitudes towards 
risk appear to “explain” the behavior of 
saving in the early 1970s, but this may be 
no more than a spurious association due to 
an inappropriately measured dependent 
variable. 

Inflation-adjusted values for the U.S. per- 
sonal saving rate were computed following 
equation (21) on an annual basis for the 
period 1958-78. These values appear as sp* 
in Table 1, along with values for the mea- 
sured saving rate and estimates of one-year 
expected rate of price inflation over this 
interval. Details of the computations appear 
in the Appendix. 


18 One exception has been a study by Angus Deaton. 
He offers an argument why unexpected inflation might 
lead to an increase in saving, above and beyond its 
impacts via lowered real wealth and real income, but 
does not present an explanation of why expected infla- 
tion might affect saving. 
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TABLE 1—INFLATION-ADJUSTED VALUES FOR THE 
U.S. PERSONAL SAVING RATE 
(All values measured as percentages) 


Measured Inflation- Expected Rate 
Rate Adjusted Rate of Inflation 

Sp sp* pe 
1958 6.8 5.9 2.3 
1959 5.6 4.6 2.3 
1960 4.9 4.0 2.3 
1961 5.6 4.7 Jl 
1962 5.3 4.6 1.5 
1963 4.7 3.9 1.5 
1964 6.0. 5.3 1.5 
1965 6.4 5.8 1.4 
1966 6.5 5.8 1.6 
1967 7.5 6.7 . 
1968 6.5 5.5 2.4 
1969 5.6 4.2 3.5 
1970 7.4 5.9 4.0 
1971 77 6.0 - 4.5 
1972 6.2 4.1 44 
1973 7.8 6.0 3.9 
1974 7.3 5.5 4.9 
1975 7.7 4.4 9.7 
1976 5.8 2.8 7.3 
1977 5.0 1.8 6.9 
1978 4.9 22 6.9 


The upward drift apparent in the mea- 
sured saving rate from 1968--75 is absent in 
the inflation-adjusted series. Values for sp* 
show cyclical movements over this sub- 
period, but are no different on average from 
values computed for the earlier period, The 
maximum effect of the spurious element on 
the measured saving rate occurs in 1975 
with the peak value for expected inflation. 
The spurious element is estimated to have 
been 3.3 percentage points during 1975, or 
more than 40 percent of the observed saving 
rate. . 

.The value of sp* shows a sharp decline in 
1976 which is sustained over the remainder 
of the interval. Whether this represents some 
behavioral phenomenon or simply reflects 
an error in the adjustment procedure is a 
question for future research. However, it is 
worth noting that the measured saving rate 
for the United States has declined relative to 
that in other industrialized countries since 
1975. When a similar adjustment is made to 
_ Canadian data, the values of sp* for the late 
' 1970's look very similar to values for earlier 
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periods. One is therefore tempted to view 
the recent U.S. experience as a behavioral 
response unique to the U.S. economy. 

It would be premature to draw further 
conclusions from these results, but it does 
seem clear that spurious elements can 
account for most of the anomalies in 
observed saving behavior during the first 
half of the 1970’s. The magnitudes involved 
are substantial. There is every reason to 
suppose that inflation adjustment of other 
income and saving variables would also re- 
veal significant spurious elements. 


APPENDIX: INFLATION-ADJUSTMENT 
COMPUTATIONS 


The annual series for inflation-adjusted 
rates of personal saving was computed for 
1958-78 from 


SP, -pi NA, 


(Al) sp = ~ 
l ) i YD,—p,(NA,_,+CC,_;) 


where SP is measured personal saving, YD 
is measured disposable income, p° is the 
one-year expected rate of inflation, NA is 
the end-of-period market value of net fixed- 
income assets, and CC is the market value 
of consumer credit. Values for SP and YD 
were taken directly from the NIP accounts. 
Values for p°, NA, and CC were con- 
structed. | 

The obvious source of data for net assets 
of persons is the household sector of the 
Flow of Funds Accounts (FF) published in 
the Federal Reserve Bulletin. The FF data 
are recorded at book values, and some 
method for estimating market values had to 
be derived. The market value A, of an inter- 
est-bearing asset is related to its book value 
B, via 


c c l ” 
A2) A =2B+B(1-2) SS 
( ) : be j i li (razy) 


where c is the coupon rate of interest pay- 
able on the asset, n is its remaining term to 
maturity, 7, is the nominal rate of interest at 
time t, and r is the effective tax rate on 
earnings from the asset. For large values of 


VOL. 70 NO. 5 


n, 


(A3) A, =B, 


t 


Approximation (A3) was used to convert 
FF Accounts book values of household as- 
sets to market values. Values for c are not 
directly observable, but since coupon rates 
typically equal the market rate of interest at 
the time an asset is first issued, the effective 
value of c prevailing on total household net 
assets at time t is some weighted average of 
the current and past values of i. 


(A4) = È wii Dye 
j=0 
The weight w, represents the share of out- 


standing net assets acquired in period t—/j. 

The market value of net fixed-income as- 
sets of the household sector was estimated 
as 


„1 = 


2 Wi- 


(A5) NA, 





where NAB represents the end-of-year book 
values of household net assets from the FF 
Accounts. 

In performing these computations, i, was 
measured by the yield on long-term U.S. 
government bonds and the summation term 
was based on a simple four-year average 
with w,=1/4 for j=0,1,2,3. An analogous 
computation was performed to estimate the 
market value of consumer credit. 

There is little to justify the use of the 
long-term bond yield other than the fact 
that it is available over a longer historical 
period than most other nominal interest 
rates. Computations based on this yield 
could be made for the later 1950’s. Alterna- 
tive computations of sp*, based on the 
shorter time series for the yield on nine-to 
twelve-month U.S. Treasury bills, were 
made for the period 1964-78. The results 
did not differ appreciably over this interval 
from the values of sp* based on the long- 
term bond yield. 

The use of a simple four-year average of 
values of i, to approximate the coupon rate 
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was an arbitrary assumption. Coupon rates 
obviously vary from one type of asset to 
another, and setting the value of K in (A5) 
between two and six years seems a priori 
reasonable. The value K=3 represents a 
midrange compromise. Computations of sp* 
based on alternative values for K within this 
range did not differ appreciably from the 
reported series. 

The FF Accounts definition of the 
household sector differs conceptually from 
the NIP Accounts definition of the personal 
sector. The former regards assets of govern- 
ment pension funds as household assets 
while the latter treats flows in and out of 
these funds as transfers between persons 
and governments. In order to use the net 
asset concept compatible with NIP accounts 
measures of disposable income and personal 
saving, the book value NAB used in (5) was 
computed as net fixed-income assets from 
the FF Accounts household sector, less 
household holdings of public pension assets. 

Inflation expectations were estimated 
from standard time-series analysis, based on 
the proposition that in an efficient market 
all useful information pertaining to future 
inflation should be contained in observa- 
tions on past rates of inflation. After some 
preliminary examination of the data to de- 
termine stationarity, the following specifica- 
tion was deemed best to describe the time- 
series properties of observed inflation rates. 


(A6) 
T 


(P—P-1)= > a,;( Pij- i —P,-j~-2) +e, 
j=1 


The variable e, is a white noise dis- 
turbance and the summation term repre- 
sents the portion of any change in inflation 
between periods t— 1 and t which is predict- 
able on the basis of past observations. 

Observations on p, were obtained from 
annual data on the rate of change in the 
implicit price deflator for consumer ex- 
penditures from the NIP accounts for the 
period 1947-78. The equation was first 
estimated using ordinary least squares for 
the period 1952-78 to determine the opti- 
mal value of T. A value T=3 gave maxi- 
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mum R? over this interval and was used in 
all remaining regressions. 

The equation was then estimated for 
1952-57, and the estimated parameters used 
to predict the value of inflation for 1958. 
Actual data for 1958 .were added to the 
sample and the equation was reestimated 
for 1952—58. Results of this regression were 
used to make a prediction for 1959. The 
process was repeated in step-wise fashion 
until predicted values were obtained for each 
year in the 1958-78 interval. These predic- 
ted values were used as estimates of pf, the 
one-year rate of price inflation expected to 
prevail during period t. Values for pf appear 
in Table 1. 
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Two Illustrations of the Quantity Theory 
of Money 


By Ropert E. Lucas, JR.* 


This paper presents empirical illustrations 
of two central implications of the quantity 
theory of money: that a given change in the 
rate of change in the quantity of money 
induces (i) an equal change in the rate of 
price inflation; and (ii) an equal change in 
nominal rates of interest. The illustrations 
were obtained by comparing moving aver- 
ages of the three variables in question, using 
quarterly U.S. time-series for the period 
1953-77. Readers may find the results of 
interest as additional confirmation of the 
quantity theory, as an example of one way 
in which the quantity-theoretic relationships 
can be uncovered via atheoretical methods 
from time-series which are subject to a 
variety of other forces, or as a measure of 
the extent to which the inflation and interest 
rate experience of the postwar period can be 
understood in terms of purely classical, 
monetary forces. 

The theoretical background of the study 
is reviewed, very briefly as it is familiar 
material, in the next section. The data 
processing methods are described and ra- 
tionalized in Section II. The illustrations 
resulting from the application of these meth- 
ods are in Section III. Section IV contains 
some decompositions of postwar time-series 
and concluding comments. 


J. Theoretical and Empirical Background 


The two quantity-theoretic propositions 
stated in the introduction possess a com- 
bination of theoretical coherence and em- 
pirical verification shared by no other prop- 
ositions in monetary economics. By “theo- 
retical coherence,” I mean that each of these 


*Professor of economics, University: of Chicago. I 
have benefited from discussions with Jacob Frenkel, 
Sherwin Rosen, Thomas Sargent, Gary Skoog, and 
William Wecker. I would also like to thank Frederick 
-Miller and Christopher Flinn for their assistance, and 
the National Science Foundation for its support. 
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laws appears as a characteristic of solutions 
to explicit theoretical models of idealized 
economies, models which give some gui- 
dance as to why one might expect them to 
obtain in reality, also as to conditions under 
which one might expect them to break down. 
For present purposes, Miguel Sidrauski’s 
monetary version of the Solow-Swan one- 
sector model of economic growth (1967a, b) 
is perhaps the most useful, single theoretical 
illustration. In that model, both laws appear 
as explicit, necessary characteristics of the 
stationary solution of the differential equa- 
tions which describe equilibrium in the sys- 
tem. To restate this in a way which is more 
suggestive empirically, they appear as char- 
acteristics of long-run average behavior in 
the model economy. 

Both of these laws are, as is clear from the 
Sidrauski example, propositions about the 
consequences of a unit’s change. Thus 
neither appears to depend crucially on par- 
ticular features of the preferences and tech- 
nology postulated by Sidrauski. It ts not 
difficult to construct other examples to il- 
lustrate the insensitivity of these laws to 
variations in the structure of the economy. 
In particular, if stochastic elements are in- 
troduced, the laws are reinterpreted to apply 
to: means of theoretical stationary distribu- 
tions or, as before, to long-run average be- 
havior.! 

Sidrauski’s example, together with varia- 
tions appearing in the literature both before 
and since he wrote, also suggests some 
qualifications or limitations to these laws. 


! This interpretation of the quantity theory of money 
as a set of predictions about the long-run average 
behavior of a general equilibrium system is different 
from, though not inconsistent with, Milton Friedman. 
There, Friedman stresses the stability of the market 
demand function for money, a property which is neither 
necessary nor sufficient for the quantity theory to ob- 
tain in the sense used here. 
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First, Sidrauski’s version of the neoclassical 
model does not exhibit the Mundell-Tobin 
effect of a monetary expansion: the possibil- 
ity that an inflation, by reducing the real 
yield on money, will shift saving to real 
capital accumulation. If this effect is im- 
portant, it would force us to modify the 
second law to predict interest rate increases 
by /ess than the increase in the monetary 
growth rate (due to the decline in the real 
return on capital, offsetting the inflation 
premium).” Theoretically, I think it is clear 
from related work (see, for example, David 
Levhari and Don Patinkin, Stanley Fischer, 
and Ronald Michener) that only a very 
coincidental combination of assumptions 
produces an absence of a Mundell-Tobin 
effect -in Sidrauski’s example and that, in 
general, one does not want to view this 
effect as ruled out on prior, logical grounds. 
This conclusion, of course, leaves us free to 
hope that the required modifications are 


minor enough to be neglected in some appli- 


cations. 

Second, and perhaps more fundamental, 
theory at this level gives no guidance as to 
the measurement of the quantity of money, 
or as to which (if any) of the available 


time-series on monetary aggregates corre- 


sponds to the variable theoretically termed 
“money.” (Of course, it also gives no guid- 
ance as to the empirical definition of “the 
price level,” but there is a good deal of other 
economic theory which does.) As recent the- 
oretical work of John Bryant and Neil Wal- 
lace and Marco Martins has emphasized, 
this question of which monetary aggregate 
one would theoretically expect to move in 
proportion to prices is much more open 
than has traditionally been reccgnized. In 
the experiments reported below, money 
means M1, but the arbitrariness of this mea- 
surement choice should be emphasized at 
the outset, particularly as it is likely that 
very similar results would have been ob- 
tained under a variety of other ckoices. 

In summary, then, we have specific theo- 
retical examples exhibiting both quantity- 


2Since interest payments are taxable, the mainte- 
nance of a given real yield on bonds would require 
interest rates to rise by more than the inflation rate. 
This effect will offset, and perhaps even reverse, the 
Mundell-Tobin effect. 
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theoretic laws in clear, exact form, and 
others which suggest possibly important 
qualifications. This is all we can ever hope 
for from our theory: some strong clues as to 
what to look for in the data; some warnings 
as to potential sources of error in these 
predictions. This is the theoretical coherence 
of the neoclassical laws. 

Since the two quantity-theoretic laws are 
obtained as characteristics of steady states, 
or limiting distributions, of theoretical mod- 
els, the ideal experiment for testing them 
would be a comparison of long-term aver- 
age behavior across economies with differ- 
ent monetary policies but similar in other 
respects. Many such tests of the first law are 
available;> a particularly clean example is 
shown in Figure 1. These data are taken 
from Robert Vogel’s study of inflation in 
sixteen Latin American economies, using 
annual data for the period 1950-69.* Vogel 
does not report the interest rate data which ` 
would have permitted a comparable test of 
the Fisherian interest-inflation relationship. 
In general, such evidence is difficult to ob- 


3See in particular Anna Schwartz. 

+The countries included in Vogel’s study are 
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, 
Ecuador, El Salvador, Guatemala, Honduras, Mexico, 
Nicaragua, Paraguay, Peru, Uruguay, and Venezuela. 
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tain, no doubt due to the fact that in infla- 
tionary economies published interest rates 
are rarely left free to reach their equilibrium 
levels. 

The line in Figure 1 is drawn through the 
grand mean of the 16X20=320 annual 
money growth rate inflation pairs in Vogel’s 
sample. This is the one “free parameter” 
permitted by the theory. Its slope is 45°, as 
specified theoretically: it is not fit to the 
data. It is hard to imagine a nonvacuous 
economic prediction obtaining stronger con- 
firmation than that shown in Figure 1. This 
is the kind of “empirical verification” of the 
quantity theory on which economists who 
assign it a central theoretical role base most 
of their confidence. 

In the absence of the kind of decisive 
natural experiment used by Vogel, one could 
in principle test the neoclassical laws by 
deriving their implications for the parame- 
ters of a structural econometric model. This 
course, while attractive in theory (since it 
broadens considerably the class of data 
which might shed light on the laws), is in 
practice a difficult one, since it involves 
nesting the two hypotheses in question 
within a complex maintained hypothesis, 
which must be accepted as valid in order to 
carry out the test. The virtue of relatively 
atheoretical tests, such as carried out by 
Vogel, is that they correspond to our theo- 
retically based intuition that the quantity 
theoretic laws are consistent with a wide 
variety of possible structures. If so, it would 
be desirable to test them independently and 
then, if confirmed, to impose them in con- 
structing particular structural models, rather 
than to proceed in the reverse direction. It 
would be of value, then, to have measure- 
ment techniques which are atheoretical in 
the sense of Vogel’s but which can be ap- 
plied to continuous time-series for a single 
economy. The use of one such technique is 
illustrated below. 


H. Data and Data Processing Methods 


The time-series used in this study are the 
money supply (M1,), the consumer price 
level (P,) and the ninety-day Treasury bill 
rate (7,). The value of M1, for quarter t 
is demand deposits plus currency outside 
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banks, for the first month of the quarter, 
seasonally adjusted, taken from successive 
issues of the Federal Reserve Bulletin. The 
CPI is similarly timed, not seasonally ad- 
justed, from the Consumer Price Index. The 
bill rate ts that used and described by Eugene 
Fama. 

I shall work with the following trans- 
formed variables: 


Xq.=/n( M1,4;)—m(M1,) 
X= ln Pa) —n(P,) 


Xr 


Scatter diagrams of X,, and X, against Xo 
are given in Figures 2 and 3, in the next 
section. These figures seem to capture fairly 
well what people mean when they say 
that the quantity theory of money is not a 
“short-run” relationship. 

The general idea of what follows will be 
to examine scatter diagrams of X, (£), i=1, 
2, against X,,(8) where for i=0, 1, 2, X; (£) 
is the two-sided exponentially weighted 
moving average given by” 


(1) X,,(B) =a > B'X vk 


k= — 00 


_i-& 
where Teg eo 





The effect of the filter (1) is to smooth the 
original series; indeed, as 8 approaches 
unity, the filtered observations X,,(8) ap- 


5 Here and below I write as though the entire doubly 
infinite record were available for each variable. In the 
calculations, the algorithm described by Thomas 
Cooley, Barr Rosenberg, and Kent Wall was used. This 
algorithm permits the assignment of a diffuse prior on 
Xp values outside the sample period which appear in 
the doubly infinite sum (1). With beliefs about points 
prior to 1953 and after 1977 so described, it calculates 
posterior means of the slowly moving “signal,” called s, 
below. Except for points near the beginning and the 
end of the sample period, virtually identical results 
were obtained simply by replacing missing observations 
in (1) by zeros. So as not to present results which are 
unduly dependent on the way out-of-sample X,, values 
are treated, numbers for 1953-54 and 1976-77 are not 
plotted. 
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proach the sample average values of the 
original series. In the latter case, plots of 
X,,(B8) and X,,(B) against X>,(8) will de- 
generate to a point, vacuously lying on a 
line with slope 45°. Our interest will be in 
seeing whether the points (X,,(8), X;,(B)), 
i=l, 2, fall on a 45° line for -values less 
than unity, providing a time-series con- 
firmation of the cross-country results ob- 
tained by Vogel and others. Viewed as a 
measurement procedure, the test of this 
method will be the quality of the pictures it 
yields. It may be useful first, however, to 
look in more detail into what the filter (1) 
does to a time-series, and what statistical 
and economic rationales may underlie its 
use. 

The Fourier transform of the filter given 
in (1), with a free, is for O< w <r, 


(2) aera S Blklemiek 


k= — 0 


____ #(1-f*) 
1+ f8?—2Bcos(w) 


One verifies that f(0)=1 if a=(1—B)/d+ 
B), that fír)>0 and that f’(w)<0 for all 
O<w<z. Also f”’(0) <0 and f”(r)>0; f”(w) 
changes sign once, at the unique w value at 
which X= cos(w) is a positive roct of 


1+8? 
2B 


For high 6-values (for example, near 0.9) 
this root occurs very near w=Q. Since the 
spectral density of the filtered series X,,(8) 
is just the spectral density of X, multiplied 
by f(w; a,8), one sees that the filter (1) 
retains power at very low frequencies, while 
sharply reducing powe at higher frequen- 
cies, 

- Filters of the form ( 1) are solutions to a 
well-known signal-extraction problem, the 
form of which may also be instructive.® Let 
{v,,w,} be a white noise process with mean 
0 0 
0 1l 





X74 





(0,0) and covariance matrix o° 


®See Peter Whittle (ch. 5) for a discussion of this and 
other examples. 
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Define the processes u, and s, by 
U,=5, +0, 
S= Pps, FW, 
0<p<l 


Imagine that this structure, including the 
values of the parameters 0, 0°, and p; is 
known and that one has observations on the. 
u, t=—oo,...,00. It is desired to obtain 
minimum variance unbiased estimators §, of 
the nina of signals s,. Projecting s, on 
U, t= — 00,..., 00- 


Sp=S, +N, 


CO 
as > Wein tM 


k=- a% 


where E(u,n,)=0, all s, 1. The coefficients 
Y, must satisfy the normal equations: 


E(u,,;5,)= E > E(Weaeat) 


JH ~ %9,..., 0 
Taking the Fourier aniani of both sides:’ 
Jusl) =f (0), (w), 0<w<r 


or, exploiting the particular structure of the 
process assumed here, 


fo) =[ f,(@) +f] So) 
Solving for f (w) gives 


— SENESPERE EE 
(3) f(e)= ee a 


since f,,(w)=007 
cos(w)]7 tot. 


and fe) [1-+p?—2p 


7For two time-series {x,} and {y,}, the notation 
Jxy( 2) means 


5 
folo) = j > ek Cop(X14K> Ye) 
= —00 
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For the functions f(w; a, 8) in (2) and 
f (w)in (63) to be the transforms of the same 
filter, it is necessary that the right-hand sides 
of these equations be identically equal in w 
on [0, 7]. This requires that 8 in (2) be that 
root of 





1+6(1+ 7) 
om 1p EGEA | gs 
which lies in (0,1). Given 8, a must satisfy 
-B 
Op(1— 8?) 


The particular filter given in (1) is a one- 
parameter family in which œ and £8 are 
constrained by a=(1—8)(1+)7!. This 
case is seen to correspond to the limiting 
situation where p= 1 and £ solves? 





(4) o=1- 228 |p B? 


Hence if the variance of the “noise” v, is 
small relative to the variance of w, (@=0), 
the root £ of (4) in (0,1) will be near 0. This 
means that the current observation u, is a 
good estimate of the true signal s,. In our 
economic application, where s, is taken to 
be that part of a time-series which is 
dominated by quantity-theoretic forces, this 
would correspond to a situation in which 
other “real” forces play a negligible role. At 
the other extreme, when the noise variance 
is high (@ large), 8 will be near one, and 
the best estimate of the true signal at t will 
be a very long moving average of the ob- 
served u,.” 

This purely statistical rationale for experi- 
menting with the filter (1) has no basis in 
economic theory, and a little reflection sug- 
gests that none will be forthcoming: a good 
economic theory accounting for both quan- 


®This is the quadratic John Muth arrived at, for the 
same reasons, in his study of the permanent income 
hypothesis. 

9In the application below, the noise component is 
not serially uncorrelated as assumed in the example 
just discussed. For a more general discussion of the 
rationales for the use of a filter such as that described 
by (1), see Christopher Sims. 


LUCAS: QUANTITY THEORY 1009 


tity-theoretic and other forces on interest 
rate and price series would surely suggest 
the use of a “sharper” filter than (1). Never- 


theless, the following scenario may be help- 


ful. Imagine an economy in which the rate 
of monetary growth is a constant, known to 
agents, plus noise. The known, constant 
component is incorporated exactly into in- 
flation and interest rates, with a negligible 
Mundell-Tobin effect. The monetary noise 
induces noise in interest and prices. In this 
example, the signal s, represents the “con- 
stant” known, common component in mon- 
etary growth, price inflation, and interest 
rates. The noise v, will be different for the 
different series. 

Next, imagine that s, while constant for 
long stretches of time, infrequently changes 
to a new value from time to time. That is, 
model s, by 


S,—ı With 
s=. , 
$, with 


prob À 
probl—À 


where § 5, is serially independent with mean 0, 
and variance r*, and where 1—A is “small.” 
This process has the same covariance struc- 
ture as the “signal” used in the statistical 
example above, with p=A and o7=(1—A)r?. 

For an econometrician to treat this econ- 
omy as posing a signal processing problem 
of the above type, one assumes that the 
“structural changes” in s, are perfectly un- 
derstood by agents as they occur, but can- 
not be observed by the econometrician. 
Hence the use of a two-sided moving average 
filter.!° 

The hope in applying this filter is not, of 
course, that an economic model of this type 
holds exactly. It is rather the general idea 
that the actual series may be generated by a 
very slowly changing structure of monetary 
policy, with business cycle activity occurring 


This is not, of course, a compelling reason for 
using a two-sided filter. It is simply the condition under 
which it would be optimal to do so. In general, agents 
know only the past (arguing for a one-sided backward 
filter) but they care only about the future, and probably 
process much more information in forecasting that part 
of the future relevant to their own decisions than we 
econometricians can observe (arguing for a one-sided 
forward filter). 


1010 THE AMERICAN ECONOMIC REVIEW 


B=0 $ 


Annual Rate of CPI Inflation 


O 2 4 6 8 10 
Annual Rate of MI Growth 
Original Data for 2nd Quarters, 1955-75 


FIGURE 2 


at higher frequencies superimposed. One can 
construct examples of economies fitting this 
description rather well, and one can con- 
struct other examples deviating very sharply 
from this description. 


W. Mustrations 


Figures 2 and 3 present scatter diagrams 
of inflation and interest rates, respectively, 
against rates of M1 growth. As remarked 
earlier, no relationship is evident. 

Figures 4 and 5 are plots of mcving aver- 
ages with weights (on all series) equal to 0.5. 
That is, Figure 4 plots X,,(0.5) against 

X,,(0.5) and Figure 5 plots X,,(0.5) against 

X,,(0.5). Figures 6 and 7 utilize B=0.8; 8 
and 9, B=0.9; and 10 and 11, B=0.95. All 
figures are drawn to the same scale. To 
avoid clutter, only points for the second 
quarter of each year are plotted. For high 
B-values, it is clear that this chcice, while 
arbitrary, is of no consequence. Points for 
the first two years (1953-54) and last two 
(1967- 17) are not plotted, though they were 
used in calculating the 1955— 75 observa- 
tions. 
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Given the preparatory discussion in Sec- - 
tion II, little need be said about these fig- - 
ures. It is evident that a filter with B=0.5 
does not quite extract the quantity-theoretic 
signal. A £-value of 0.9 reveals a clear 45° 
line, as predicted by the quantity theory and 
procuces a picture about as clear as Vogel’s 
cross-country estimates (Figure 1); B=0.95 
is clearer still. If a Mundell-Tobin effect 
were present, and if it dominated tax effects, 
this would show up in the odd-numbered 
figures as a line with slope less than 45°. 
Perhaps this may be seen, for example, in 
Figure 9. Since deviations of the moving 
averages from the 45° line are sure to ex- 
hibit patterns, the temptation to read Figure 
9 (or 11) this way should probably be re- 
sisted. 

It should be added. that subjecting any 


- two series to moving-average filtering of the 


type used here will cause a “pattern” of 
some: kind to emerge. To illustrate, Figure 
13 plots a two-sided moving average of. the 
unemployment rate,'! with B=0.9, against 


Last month of quarter, not seasonally adjusted, 
from Employment and Earnings. 
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8 =0.95 
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FIGURE 10 


the smoothed monetary change X>,(0.9), 
while Figure 12 plots one raw variable 
against the other. Again, one sees order of a 
sort emerging from confusion but it is an 
order that. makes no sense economically. 
The difference between this order and that 
displayed in Figures 8 and 9 is that the 
latter is an implication of a coherent eco- 
nomic theory. 7 
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Since the comparison of X,,(.9), i= 1, 2, to 
Xo,(-9) in Figures 8 and 9 utilizes only low- 
frequency components of the original series, 
these figures will illustrate the quantity the- 
ory well only if the time-series used convey 
information on low-frequency movements 


. in Xoe In the absence of such information, 


the method applied above will produce 
merely a “blob” at the sample means of 


os 


at 
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X (8), i=1, 2, and X>,(B) as 8 approaches 
unity, even if the quantity theory is valid. 
This is the time-series equivalent of the ob- 
servation that if the countries studied by 
Vogel had had similar rates of monetary 
growth over his sample period, his method 
would not have produced a.clear 45° line. 
That is, these methods will yield clear re- 
sults only if a good enough “experiment” 
has been run by “nature” over the sample 
period used. 


IV. Concluding Remarks 
The filtering techniques described and ap- 
plied in Sections IJ and III represent what 


might be called a “minimal” use of the 
quantity theory of money, in the sense that 
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they utilize only the widely agreed-upon 
“long-run” implications of that theory. To 
this was added the hunch that identifying 
long-run with “very low frequency” might 
isolate those movements in postwar inflation 
and interest rates which can be accounted 
for on purely quantity-theoretic grounds. 
Figures.8 and 9 (or 10 and 11) confirm both 
the hunch and the underlying theory. 
Figures 14 and 15 plot actual postwar 
inflation and interest rates, respectively, 
against time (i.e, X,, and X,,). On each 
diagram is also plotted the corresponding 
series with the smoothed portion subtracted 
(that is, X;,—X,,(0.9) and X,,—X,,(0.9)). 
Evidently, both the inflation and the high 
interest rates of the 1970’s are well accounted 
for by the quantity theory or, to put the 
same point backwards, any nonmonetary- 
explanation of these trends would lead to 
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large, unexplained deviations from the rela- 
tionships depicted so clearly in Figures 8-11. 

The method applied in this paper involves 
decomposing movements in money and 
other nominal variables into two compo- 
nents, one of which I have called quantity 
theoretic and the other of which has been 
left unlabeled. This raises the question of 
the relationship of this decomposition to the 
clearly related decompositions of Thomas 
Sargent, and Robert Barro, among others, 
of monetary movements into “anticipated” 
and “unanticipated” components. Though it 
would be hard to spell out the details, my 
opinion would be that all of what I have 
called X,,(0.9) should be identified as antic- 
ipated in the Sargent-Barro sense, and in 
addition, that much of my Xp 9,~Xo,(0.9) 


should also be thought of as anticipated. . 


Indeed, this is what I mean by referring to 
the methods above as a minimal use of the 
quantity theory. 

Putting the matter in this way should make 
it clear that no one decomposition method 
can dominate the other. By using weaker 
theory, one is more confident that his filter 
has not incorrectly labeled noise as signal; 
on the other side, there is no doubt that the 
methods used in this paper have not fully 
extracted from the series all that the quan- 
tity theory can account for. 
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Reswitching, Wicksell Effects, and the 
Neoclassical Production Function: Note 


By KLAUS PERTZ* 


In a recent contribution to this Review, 
David Laibman and Edward Nell examined 
the possibility of reswitching under a variety 
of assumptions. Using an indecomposable 
two-sector model with circulating capital, 
one of these assumptions requires that the 
principal diagonal of the technique matrix is 
zero. Laibman and Nell argue that this is 
indeed a very special but still “...economi- 
cally meaningful condition strong enough to 
yield the conclusion that the Clark story 
requires... .” They conclude: “This tells us 
at best that neoclassical theory can only 
deal with highly specialized and unusual 
cases of changes in technique” (p. 882). Al- 
though formally correct, if one focuses at- 
tention on two-sector models, this line of 
reasoning needs major qualification. 


I 


Instead of concentrating on a two-sector 
model, let us assume a multisector world 
with one consumption good (produced in 
sector 1) and with n—1 heterogeneous 
capital goods (produced in sectors 2,3, 
....n).. Then the technique matrix is de- 
fined as 


aol) aol) donl) 
4) ay) ay) ay,(-) 
ac) | |: : : 

Ay) anal) apal") 


where ag represents the vector of direct labor 
inputs and (-)=A, B,C,... denotes the tech- 
nique in use. 


*Johann Wolfgang Goethe-Universitat, Frankfurt. 
1All the other assumptions of Laibman and Nell are 
retained. 


To examine the possibility of reswitching 
let us first assume, as in Laibman and Nell, 
that we have two techniques, A and B, which 
differ in only one process, say the nth sec- 
tor. Then we can prove the following theo- 
rem: 


THEOREM: Reswitching of process n (the 
Ruth Cohen Curiosum) is impossible if the 
difference A between both vectors of nonlabor 
inputs for producing good n is semipositive or 
seminegative. (See the Appendix for proof.) 


COROLLARY: For reswitching of a single 
process to exist, there must be at least two 
different nonlabor inputs in the process. 


Now we are able to see the true reason for 
nonreswitching in the analysis of Laibman 
and Nell. Since in two-sector models a zero- 
principal diagonal in the technique matrix 
happens to coincide with the assumption of 
only one nonlabor input existing in each 
sector,? A is necessarily semipositive or 


eseminegative and, therefore, the Ruth Cohen 
. Curiosum is excluded. 
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To what extent does this result depend on 
the assumption that the techniques com- 
pared have one process in common? Laib- 
man and Nell argue that it is more realistic 
to assume that a change in the method of 
production changes the quality of the prod- 
uct, requiring in turn an adaptation in the 
activity producing the second good. But a 
change in the quality of the product neces- 
sarily means that the new good must be 
conceived as a physically different good, the 
price of which cannot be compared with 


2See Joseph Stiglitz, p. 121. 

3In addition, the requirement “principal diagonal = 
0” is unnecessarily strong, since in an indecomposable 
two-sector model, reswitching is impossible only if the 
process with the variable technique does not use its 
own output as input. 
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.that of the previously produced one. Other- 
wise it would follow that the existence of 
switch points may depend on the choice of 
numeraire! 


I 


In order to examine the possibility of 
reswitching in a two-sector model where 
both sectors change techniques and‘no pro- 
cess uses its own output, let us assume an 
economy comprising three (physically) dif- 
ferent goods. System A produces a capital 
good of a certain type and a consumption 
good, while system B produces a capital 
good which is qualitatively different from 
the one in system A and a consumption 
good by means of a different method.’ 
The input requirements in the process pro- 
ducing the first type of the capital good 
clearly differ from the coefficients in the 
process producing the second type of the 
capital good. For such a model the require- 
ment “principal diagonal=0” is of no con- 
sequence for reswitching as the following 
example demonstrates: f 


System A: 
Sl) teal) Seal) 
aA) a(d) a(d) ald) 
a(A) an (A) Ay(A) a;(A) 
43(A) a3(A) axl) 


4This can ‘easily be verified by considering the 
éxample in Laibman and Nell, p. 883. Using the capital 
good as numeraire we see that technique A dominates 
technique B for all feasible values of the rate of profit, 
although reswitching does occur if one chooses the 
consumption good as numeraire. 

SIn other words, we have four processes: two 
processes to produce the same consumption good plus 
two processes in the capital goods sector, one for each 
type of the capital good. Accordingly, the number of 
unknowns is four: the wage rate, the rate of profit, the 
price of the first capital good, and the price of the 
second capital good (when, by assumption, the con- 
sumption good is used as numeraire). It can be seen 
that the total number of processes coincides with the 
total number of unknowns so that the system is de- 
terminate. 
 SMy notation differs from that of Laibman and Nell 
which is formally incorrect, since they use the same 
indices for the input coefficients of physically different 
goods. 
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os 1 0 
=l 0 0.1 0 
0.7 0 0 
0 0 0 
aal B 
System B » tol i 2 
a( B) 
ao(B) a(B) ay(B) 
= ai(B) a(B) a,3(B) 
Q(B). ay(B) ap,(B) 
a (B) a3,(B) a (B) 
13 0 03 _ 
s O 0 0.145 
0 0 0 
0.5 0 0 


Here, system A is used at low and high rates 
of profit, while for profit rates in the inter- | 
val r=1.17 to r=2.25, approximately, tech- 
nique B is selected.’ 


ill 


I conclude that a zero-principal diagonal 
is in general irrelevant to reswitching, how- 
ever defined, not because an economy in 
which no sector uses its own output as input 
is “highly specialized” from the empirical 
point of view, as Laibman and Nell criticize, 
but because this requirement a priori has 
nothing to do with reswitching in multisec- 
tor models with more than two products. In 
a two-sector world, where one process re- 
mains invariant along changes in technique, 
a zero-principal diagonal has consequences 
for reswitching, but only because in this 
very special case it is reduced to the as- 
sumption of just one nonlabor input in each 
sector. Then, clearly, various techniques can 
be ordered according to their “capital inten- 
sity” which can be defined unambiguously 
as is required by neoclassical doctrine. 


Note that the example could well be handled by 
augmenting the above matrices in the way suggested by 
Piero Sraffa, pp. 82-83. 
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APPENDIX 


THEOREM: Reswitching of process n is im- 
possible if A=(A,,..., A, )#(0,...,0) is semi- 
_ positive or seminegative, where A,;=a,,(A)— 
@,,(B), i=1,2,..., 7 


PROOF: _ | 
Assume that technique B is optimal for 
r=r,. Then in steady-state price equilibrium 
we have p(B)=[ao(B)+p(B)a(B)\(r, + 1), 
where p(B)=[p,(B),..., p,(B)] is the vec- 
tor of commodity prices with the wage rate 
as numeraire. The use of technique A in 
connection with the same price vector p(B) 
would lead to p(B)<[a.(A)+p(B)a(A)] 
‘(7, +1) which implies [a,(A)— ao(B)]+ 
p(B)a(A)—a(B)|>0. But if r=r’ is a 
switch point we must clearly have [a)(A)— 
ao(B)]+p(B)[a(A)—a(B)]=0-with p(B)= 

p(A), or in the above notation 


(Al) Ao-+p(B) A" =0 
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where Ayp=@p,(A)—@o,(B) and T denotes 
the transpose operator. Obviously, since 
prices (measured in units of the wage rate) 
are strictly increasing functions of the rate 
of profit, there exists at most one r=r’ which 
fulfills (1) if A is PE PORNE or semi- 
negative. 
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The Ban on Indexed Bonds, 1933-77 


By J. HUSTON McCULLOcH* 


In a recent article in this Review, Nissan 
Liviatan and David Levhari attempt to ex- 
plain the phenomenon that “In spite of re- 

cent marked inflationary trends the im- 
portant capital markets have not developed 
a significant free (private enterprise) market 
for [cost-of-living] linked bonds” (p. 366). 
They note that the familiar theoretical com- 
plete dominance of indexed bonds over non- 
indexed bonds holds unambiguously only in 
an economy in which there are no nominal 
assets. They demonstrate that borrowers 
may in theory insist on hedging the inflation 
risk on their nonindexed cash balances by 
issuing some nonindexed bonds at a dis- 
count that makes them attractive in spite of 
the risk they impose on lenders. Their model 
leads them to conclude that indexed bonds 
might not completely dominate nonindexed 
bonds. However, they do not claim that 
their model explains the phenomenon they 
set out to explain: Why is it that the “free 
market,” to use their expression, has come 
up with virtually no indexed bonds at all? 

Fortunately, a simple explanation for 
the nonexistence of indexed bonds in the 
United States was provided, two years 
before Liviatan and Levhari’s article ap- 
_ peared, by the Supreme Court of the State 

of Tennessee. In 1974 the Union Planters 
National Bank of Memphis actually tried to 
collect on an indexed loan that it had made 
to one Aztec Properties, Inc., but was thrown 
out of court for the simple reason that “It 
would be contrary to the national policy, as 


* Associate professor of economics and finance, Ohio 
State University. I am grateful to G. L. Bach, A. 
Blinder, J. Buchanan, G. T. Dunne, S. Fischer, M. 
Friedman, T. M. Humphrey, C. C. Lichtenstein, R. L. 
Miller, F. Modigliani, R. A. Musgrave, K. S. Rosenn, 
E. M. Sunley, T. N. Tideman, T. D. Willett, and 
anonymous referees for helpful comments and sugges- 
tions. I remain solely responsible for the contents and 
conclusions. Publication of this paper was seppone’ by 
NSF grant SOC 78-13780. 
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expressed by the Congress and as interpre- 
ted in several cases by the United States 
Supreme Court, to permit a lender to re- 
quire of a borrower a different quantity or 
number of dollars from that loaned, insofar 
as the principal amount is concerned” (Aztec 
Properties, p. 760). 

The Court based its argument on the so- 
called “Gold Clause” Joint Congressional 
Resolution of June 5, 1933: 


Every provision contained in or 
made with respect to any obligation 
which purports to give the obligee a 
right to require payment in gold or a 
particular kind of coin or currency, or . 
in an amount in money of the United 
States measured thereby, is declared to 
be against public policy; and no such 
provision shall be conta:ned in or made 
with respect to any obligation hereafter 
incurred. Every obligation, heretofore 
or hereafter incurred, whether or not 
any such provision is contained therein 
or made with respect thereto, shall be 
discharged upon payment, dollar for 
dollar, in any coin or currency which 
at the time of the payment is legal 
tender for public and private debts. 
Any such provision contained in any 
law authorizing obligations to be is- 
sued by or under the authority of the 
United States, is hereby repealed, but 
the repeal of any such provisions shall 
not invalidate any other provision or 
authority contained in such law.! 


The first sentence of this law prohibits gold 
clauses, and does not pertain to indexation. 
However, most legal schclars have agreed 
that “the wording of the second sentence of 
the Resolution is sufficiert to invalidate a 
price-index clause if literally construed” 
(Gordon McClintock, p. 955), and that this 
sentence, “read by itself and torn out of its 


‘United States Code Annotated, Title 31, Section 463. 
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context, would clearly mean...that index 
clauses would be unenforceable” (Joseph 
Dach, p. 332).? 

John Dawson was able to argue that the 
courts would probably instead interpret the 
second sentence as an extension of the first, 
merely specifying the disposition of bonds 
containing the prohibited gold clauses, so 
that index clauses were probably still en- 
forceable (p. 683). However, in a 1939 case 
cited by the Tennessee Court, Hugo Black, 
speaking for a majority of the U.S. Supreme 
Court, made it clear that the second sentence 
was indeed to be “literally construed,” “read 
by itself,” and “torn out of context”: 


Congress—apparently to obviate any 
possible misunderstanding as to the 
breadth of its objective—added, with 
studied precision, a catchall second 
sentence sweeping in “every obli- 
gation,” existing or future, “payable in 
money of the United States,” irrespec- 
tive of “whether or not any such provi- 
sion is contained therein or made with 
respect thereto.” The obligations hit at 
by Congress were those “payable in 
money of the United States.” All such 
obligations were declared discharge- 
able “upon payment, dollar for dollar, 
in any coin or currency [of the United 
States] which at the time of the pay- 
ment is legal tender for public and 
private debts.”? 


In this case, the Court was striking down a 
foreign currency clause, rather than an index 
clause. However, the implications for Con- 
sumer Price Index (CPI) indexation are ob- 
vious. 

Since 1939 there has been no shortage of 
legal scholars who valiantly argue in favor 
of indexation, but they all rely on Dawson’s 
obsolete contention that the second sentence 
can be read as limited to the obligations 
enumerated in the first. None of these 


*Note that the third sentence prohibits even the 
Treasury from issuing the proscribed instruments. 

3Guarantee Trust Company, Trustee v. Henwood, 
Trustee et al, 307 U.S. 247, 252, quoted in Aztec 
Properties, Inc. v. United Planters, pp. 760-61. 

4See Dach (p. 335); Arthur Nussbaum (p. 307); 
Ellyahu Hirschberg (p. 160-61, 165); Keith Rosenn (p. 
741); Hyer and Kearl (pp, 228~31). 
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lawyers directly confronts Justice Black’s 
pronouncement cited above. Nussbaum does 
mention that in the 1939 case “the statute 
has been expanded to the breaking point” 
(p. 307), but the mere outrageousness of a 
decision does not make it any less binding. 
Conceivably a later court would have 
reversed this precedent. However, given the 
absence of such a case, we must agree with 
Gerald Dunne that, at least as of his writing, 


...the half-forgotten Joint Resolution 
of June 5, 1933 is so fortified by Mr. 
Justice Black’s hard-lining opinion in 
Guaranty Trust v. Henwood that any 
effort to use indexation as an anti- 
inflationary device in a loan agree- 
ment presents the unwary with all the 
perils of a rusty bear trap in the high 


grass. [p. 131] 


In short, a sufficient reason for the vir- 
tually complete absence of indexed bonds 
in the United States as of Levhari and 
Liviatan’s writing, and one which was prob- 
ably much more effective than the interac- 
tion with nominally denominated cash bal- 
ances, is that CPI indexation clauses in loan 
contracts were illegal." If the Joint Resolu- 
tion had worked by imposing conspicuous 
criminal sanctions against indexation, a few 
of the countless economists who have advo- 
cated indexation (see Thomas Humphrey) 
might have been aware of its effect. How- 
ever, the ban has worked silently yet very 
effectively simply by making index clauses 
unenforceable in court. Therefore only a 
handful of legal specialists need have known, 
or even have suspected, the ban’s existence, 
in order to have made it effective. 

Prior to 1933, gold clause bonds ap- 
parently met the public’s demand for bonds 
with a safe purchasing power. Gold was not 
stable enough in value to please certain 
economists, but when Irving Fisher’s Rand 
Kardex Corporation actually tried to float 
an indexed bond in 1925, the public was 


>The 1975 Aztec Properties decision mentioned that 
other kinds of contracts, such as those governing wages 
and salaries or rentals, were not affected by the Joint 
Resolution, and could legitimately be CPI indexed 
(p. 761). 
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unenthusiastic (see Dawson and James 
Coultrap). Gold clauses were not perfect, 
but they would at least have protected the 
lender fairly well against a Civil War-type 
depreciation of the paper dollar. Between 
1933 and 1977, both gold clauses and index 
clauses were unenforceable, and therefore 
were not used. 

In October 1977, Congress, thinking it 
was merely humoring a handful of “gold 
bugs,” passed the Helms Amendment, which 
revoked the 1933 Joint Resolution, “dollar 
for dollar” wording and all. In doing so, it 
unwittingly made CPI indexation legal. To- 
day, the gold standard is all but forgotten, 
while price indices have become increas- 
ingly refined, available, and familiar to the 
public. Therefore, indexed bonds probably 
dominate gold clauses almost completely in 


today’s economy. Unless there are remain-- 


ing legal obstacles to their use, indexed 
bonds should soon appear. 

State usury laws may be such an addi- 
tional obstacle. Indeed, the Aztec Properties 
case was somewhat complicated by the fact 
that the agreed-upon coupons, plus the in- 
flated principal, would have exceeded the 
Tennessee 10 percent usury law. The Court 
actually decided that the index clause 
was doubly unenforceable. McClintock (pp. 
973-75), however, argues that as long as the 
extra interest is subject to a valid con- 
tingency (such as the nonappearance of in- 
flation), and especially if it can be construed 
as compensating for a hazard (such as defla- 
tion), usury laws should have no effect. 

A more serious potential problem is nego- 
tiability. Under Article 8 of the Uniform 
Commercial Code, indexed bonds would be 
automatically negotiable as soon as they 
became commonly traded on the securities 

_exchanges. However, “the anomaly is that 
until the instruments are in common usage 
they will not be negotiable, but until they 
are negotiable they are a. poor investment” 
(McClintock, p. 971). Unless the public de- 
cides that the advantage of indexation out- 
weighs the disadvantage of nonnegotiability, 

_ indexation may have to wait for a statutory 
amendment to the existing definition of 
negotiability. Israel passed such a law 

“in 1957, with the result that “CLI index 
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linked bonds have practically driven un- 
linked bonds out of the stock ex- 
change” (Hirschberg, p. 163). Indexed bonds 
also flourished in France prior to the disrup- 
tions of World War II (see Rosenn, pp. 
745-64), and again after the war until their 
prohibition under Charles De Gaulle (see 
Milton Friedman, p. 80). 

I might add that a sufficient reason for 
the continued absence of CPI indexed 
mortgages in the United States since the 
Helms Amendment, at least as far as 
federally chartered savings and loan associ- 
ations go, has been the Federal Home Loan 
Bank Board’s regulations prohibiting them.°® 
Michael Hyer and James Kearl discuss this 
and other legal impediments to mortgage 
indexation. 

In conclusion, the real lesson to be drawn 
from Liviatan and Levhari’s paper is not 
how invincible is the strength of the Pigou 
effect. Rather it is how often the apparent 
irrationality of the free market is actually 
due to some forgotten “rusty bear trap,” to 
use Dunne’s metaphor, hidden in the end- 
less “high grass” of government interven- 
tion. The “free” market has not been any- 
where near as free as economists find it 
convenient to assume. 


6 Despite the claims of the Board’s former Chairman 
Robert McKinney, these regulations are not justified 
by the Board’s Alternative Mortgage Instruments Re- 
search Study. Indeed, one contribution to that study 
actually notes that price level adjusted mortgages were 
not to be even considered in the study (see Alfred Field 
and Henry Cassidy). 
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Inflation Uncertainty and the Phillips Curve: 
Some Empirical Evidence 


By Maurice D. LEvI AND JOHN H. MAKIN* 


The coincidence of high rates of un- 
employment and high rates of inflation, 
seemingly apparent in several countries for 
sustained periods of time, has led to a re- 
thinking of the Phillips curve. One explana- 
tion for the appearance of a positive associ- 
ation between unemployment and inflation, 
= advanced by Milton Friedman in his Nobel 
lecture, involves an observed linkage be- 
tween the level and the variability in infla- 
tion. This note is an attempt to test whether 
inflation uncertainty, which shculd be re- 
lated to variability, could explain the ob- 
served patterns of inflation and employ- 
ment. It is shown that inflation uncertainty 
' is negatively related to employment, and 
that failure to consider uncertainty of infla- 
tion can obscure the effect of inflation fore- 
cast errors on employment. 


I. Forecast Errors, Uncertainty, 
and Employment 


The suggestion, originally advanced by 
Friedman (1968) and by Edmund Phelps, 
that the Phillips curve is shifted upward 
by the full amount of anticipated infla- 
tion, can be captured—although somewhat 
crudely— by writing the Phillips curve as 


(1) dN, = by+b,( dp,— dpf) +p, 


where dN, is the percentage change in em- 
ployment between the end of t—1 and the 
end of t, dp, is actual inflation, and dpi is 
expected or anticipated inflation during t. 


* Associate professor, Faculty of Commerce, Univer- 
sity of British Columbia, and professor, department of 
economics, University of Washington, respectively. We 
owe thanks for valuable comments and suggestions to 
Milton Friedman and for the extremely careful com- 
ments of an anonymous referee of this Review. We also 
wish to thank the Fraser Institute. All views expressed 
and any remaining errors are ours alone. 
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We have written (1) in terms of employ- 
ment rather than unemplcyment. This is be- 
cause the reasoning behind the Phillips curve 
suggests that an underestimation of inflation 
should result in more pecple working. This 
translates into lower unemployment only in 
conjunction with the labar force. However, 
since various factors affect the size of the 
labor force, including anything that in- 
fluences participation ratzs, putting (1) in 
terms of unemployment creates additional 
errors. These additional errors, coming from 
omitting influences on the size of the labor 
force, do not affect our major conclusions. 
They do, however, result in serially corre- 
lated ‘errors, a phenomenon not uncom- 
monly the result of excluded variables, 
thereby making interpretation of the results 
more difficult. We therefore write inflation 
forecast errors as affecting what Phillips 
curve arguments suggest—-namely, the 
number employed.! 

The modified Phillips effect is represented 
by a positive b,, and by represents the “nor- 
mal” growth rate of employment. There 
would be only a short-run tradeoff since, in 
a sustained inflation, expectations would be- 
come correct (i.e., dp,*=dp,) and we would 
return to the normal rate. 

In his Nobel lecture, Friedman has taken 
the Phillips curve debate into a “third stage” 
by arguing: 

(i) that higher rates of inflation have 
been associated with higher variability of 
the rate of inflation;? and | 


4 


Analyses of Phillips curves are also frequently ex- 
pressed in terms of wage-determination relationships 
(see Robert Gordon, 1976, Wiliam Riddell, Stephen 
Turnovsky and Michael Wachter, and Robert Hall) or 
income-determination equations (see Robert Lucas, 
1972, 1976). 

2Friedman cites the work of Dennis Logue and 
Thomas Willett and Dwight Jaffee and Ephraim 
Kleiman. 
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(ii) that due to institutional rigidities, 
higher variability in the rate of inflation has 
produced a reduction in the efficiency of the 
price system in guiding economic activity 
and a consequent reduction in output. 

From these two components of Fried- 
man’s argument, we have that high infla- 
tion, accompanied by high variability of in- 
flation, will mean a low output. The low 
output could then mean high or low unem- 
ployment. If the effect is high unemploy- 
ment, we have an upward-sloping Phillips 
curve that relates the level of inflation to 
unemployment. 

We might wish to replace the two argu- 
ments used by Friedman by two arguments 
that are tied more closely to the reformed 
Phillips curve as given in (1). We could 
suggest: 

(i) that higher errors in predicting infla- 
tion (dp,—dp*) should be associated with 
higher uncertainty about the rate of infla- 
tion, and 

(ii) that higher uncertainty about infla- 
tion could be associated with lower employ- 
ment. 

A comparison between these two argu- 
ments and those of Friedman shows them to 
be similar although different. Variability and 
uncertainty about inflation are not the same 
thing, although in practice they are likely to 
be related. Similarly, low output will not 
necessarily be associated with low employ- 
ment, although, again, they should generally 
be related. 

The arguments presented here, however, 
are not without intuitive basis and -are sup- 
ported by the data. That more uncertainty 
about inflation should be associated with 
larger errors (which have generally been 
underestimates over the relevant period) 
should be intuitively acceptable. That higher 
uncertainty of inflation means lower em- 
ployment could be defended on Friedman’s 
grounds, namely the lower economic ef- 
ficiency that accompanies more variable and 
therefore presumably more uncertain infla- 
tion. If the lower efficiency means lower 
employment, which Friedman says might or 
might not occur, we have a negative associa- 
tion between uncertainty and employment. 
We might alternatively argue for a more 
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direct negative link between inflation uncer- 
tainty and employment. If higher inflation 
uncertainty leads to a postponement or 
cancellation of spending plans, we might 
directly obtain a negative association. 
Allowing for an effect of uncertainty 
about inflation on employment means mod- 
ifying our “Phillips curve” in (1) and writing 


(2) dN,=bo+ bi (dp, — apf ) + bat p, 


where o, is a measure of inflation - uncer- 
tainty that we describe below. 

It is not difficult to show that if the two 
right-hand variables in (2) are positively 
covariable and if the sign of b, is negative— 
the two components of our argument above 
—then if we omit o, and estimate the mod- 
ified Phillips curve in its simple form (1), we 
will be biasing the estimate of b, toward 
zero. : 

The estimated value of b, obtained by the 
use of (1) would be 


A 


(3) b= danel Of 


and the value of 6; from (2) can be written 
as 





where we write E=(dp,—dp,*), and o,, as 
the covariance between i and /. 

Our two arguments for the consideration 
of uncertainty involve the expectations that 
Or, > 0 (from larger underestimates associa- 
ted with higher uncertainty) and that b, <0. 
If these expectations are true, then it follows 
from (4) that the positive b, will be larger in 
magnitude from the estimate via (2) than 
from the incompletely specified (1), i.e., bj > 
b,. The measured impact of the degree of 
error in predicting inflation upon the rate of 
employment will be larger if account 1s taken 
of uncertainty of inflation. 

This outcome is not difficult to explain. 
When actual inflation exceeds anticipated 
inflation, we expect an increase in employ- 
ment for the reasons so clearly laid out by 
Friedman (1968) and Phelps. If the excess of - 
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actual inflation is matched by high uncer- 
tainty of inflation, this will offset the in- 
crease in employment by itself lowering 
employment. If we do not separately account 
for the effect of uncertainty, the overall 
effect will be attributed to the error-in- 
inflation term, the coefficient of which will 
consequently be biased downward. 


H. Data Employed 


To test the arguments we have advanced, 
use is made of the survey price expectations 
data collected by Joseph Livingston and re- 
worked by John Carlson. Livingston’s data 
were collected in April and October and 
were published in June and December in 
the Philadelphia Inquirer. If there was a sharp 
movement of prices between collection and 
publication, Livingston adjusted his aver- 
- ages to maintain a “fair” representation of 
expectations. Carlson reworked Livingston’s 
data to compute expectations in the month 
of the survey. We use these revised values 
for both six- and twelve-month forecasts. 

In reworking Livingston’s original data, 
Carlson computed the standard deviation 
across the inflation forecasts of the respon- 
dents. At times when there was low uncer- 
tainty about inflation, the consensus among 
respondents should be reflected in a low 
standard error, and conversely. We can con- 
sequently employ these estimates as a con- 
venient direct measure of the degree of un- 
‘certainty about inflation.’ It is our ø. 

Employment is measured as the percent 
change in the seasonally adjusted number of 
employees on payrolls: of nonagricultural 
establishments between the end of t—1 and 
the end of t. The standard deviation of 
respondents is measured. at the beginning of 
t, and actual and expected inflation are for 
the six- or twelve-month periods starting at 
the beginning’ of t.. 


Hil. Results - 


The results from estimating both (1) and 
(2) over two different periods are presented 


. 3Other examples of the use of this measure can be 
found. in Menachem Brenner, our paper, and Riddell. 
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in Table 1. Note that during both the 1965- 
75 period and the longer 1948-75 period, 
and over both the six- and twelve-month 
forecasts, the degree of uncertainty about 
inflation possesses the expected negative sign 
and is significant. It is clear that uncertainty 
about the expected rate of inflation, as mea- 
sured by the dispersion among Livingston’s 
respondents, has a negative effect upon the 
rate of employment growth. The value of b, 
in (2) is indeed negative, and the t-statistics 
are very high. See, also, that allowance for 
uncertainty over both periods raises the 
measured magnitude of the effect of errors 
in inflation forecasts given by b,. Further, in 
none of the regressions, when uncertainty is 


_ excluded, is the inflation forecast error stat- 


istically significant. However, when o is 
added, the value of b, is significant in every 
regression other than that with six-month 
forecasts over the longer period. It appears 
that the failure to allow fcr uncertainty, as is 
done in a form of the Phillips curve like (1), 
results in a specification bias toward zero. 
Allowing for uncertainty gives us a better 
short-run modified Phillips curve tradeoff. 
This tradeoff, of course, is short run, be- 
cause if forecasts are rational, over the long 
run we expect dp* = dp. 

To judge the relative -mportance of the 
error in inflation forecasts and the degree of 
uncertainty, -statistics were computed for 
both variables. These show in every regres- 
sion that the uncertainty variable is rela- 
tively more important then inflation errors. 
Table 1 also reveals that the inclusion of the 
uncertainty variable results in a sizable in- 
crease in the adjusted RŽ, especially in the 
1965-75 subperiod. Without ø, the R? re- 
mains very close to zero. We also see that 
adding ø raises the D.W. statistic, even 
though this does not allow us to accept with 
certainty the null hypothesis of no first-order 
serial correlation in the 1948—75 results, and 
for those for 1965-75 without the uncer- 
tainty term. In the 1965-75 results obtained 
with uncertainty, the D.W. statistics are in 


‘This result differs from those obtained by some 
other researchers, such as Otte Eckstein and Roger 
Brinner, and Gordon (1972). 

>For an account of f-statistics, see Arthur Gold- 
berger. 
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TABLE 1- ESTIMATES OF THE PHILLIPS CURVE 
_ 1965-75 1948--75 
With o Without o With o _ Without o 
$ i a 
Six-Month Periods 
bo 3.23 1.14 1.54 0.95 
(6.86) (2.82) (4.24) (3.35) 
bi 0.26 0.08 0.14 0.05 
(2.37) (0.50) (1.26) (0.45) 
, ĝi; a 0.36 0.17 
b, ~- 1 QI —0.48 
i (— 5.35) (—2.45) 
Ba l ~~ 0.81 — 0.34 
R? 0.61 0.01 0.11 0.00 
DW.’ 1.83 1.11 1.49 1.43 
Twelve-Month Periods 
bo 3.48 1.05 1.42 0.69 
(6.85) (2.85) (3.93) (2.47) 
b, 0.26 0.13 0.30 0.20 
- (2.68) (0.93) (2.79) (1.86) 
B, . 0.38 0.36 
by —~2.25 7 —0.63 
` — (~5.43) (—2.93) 
Ba , (eig 0.78 —0.38 
R? 0.61 0.04 0.19 0.06 
D.W. 2.23 1.19 1.57 1.43 


Note: Numbers in parentheses are t-statistics; D. W. is the Durbin-Watson statistic. 


the definite region, and the ż-values are very 
good, Our significant results therefore do 
not result from serial correlation. _ 

To test whether significance of uncer- 
tainty in those results with indefinite D. W. 
statistics is the result of serial correlation, all 
regressions were reestimated with Cochrane- 
Orcutt procedure. These results are in Table 
2. All regressions were repeated for com- 
pleteness, even though the 1965-75 results 
that allowed for uncertainty already had 


good D.W. values. The results are very 


much the same as those in Table 1, with all 
D.W. statistics in the certain region. There 
is a significant negative effect of uncertainty 
on employment. The measured effect of in- 
flation errors when possible serial correla- 
tion is removed does not become larger from 
the inclusion of uncertainty. This differs 
from the results shown in Table 1. Since 
serial correlation should not bias coefficient 
estimates, but rather their estimated vari- 


ance, this outcome would not be predicted 
on a priori grounds. This could explain why 
some earlier researchers like Eckstein- 
Brinner and Gordon have found effects of 
inflation forecast errors without allowing for 
uncertainty. We do notice, however, that the 
importance of inflation uncertainty, as 
judged by betas, is still much greater than 
inflation forecast errors. We also see that 
adjusted R? is noticeably improved by al- 
lowing for uncertainty. 


IV. Conclusions 


An effect of uncertainty about inflation 
on the level of employment has been strongly 
supported. To the extent that uncertainty. 
and variability of inflation are related, our 
results provide support for Friedman’s de- 
scription (1977) of the Phillips curve in its 
third stage. Further, our results suggest that 
some previous studies of the U.S. situation 
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TABLE 2— ESTIMATES OF THE PHILLIPS CURVE CORRECTING FOR SERIAL CORRELATION 


1965—75 — 1948-75 
With o . Without g With o Wichout ¢ 
Six-Month Periods 
bo 3.18 0.39 2.49 0.99 
(6.32) (0.51) (4.08) (2.86) 
b, 0.26 0.38 0.07 0.04 
(2.35) (2.55) (0.71) (0.37) 
B, 0.36 0.09 ts 
b, — 1.88 — 1,12 
(—5.10) (—3.02) 
By —0.80 ~ 0,79 
p —0.02 0.60 0.38 0.28 
(—0.08) (3.43) (3.04) (2.18) 
R? 0.59 0.32 0.21 0.08 
DW. 1.82 — 1.68 1.9] 1.79 
Twelve-Month Periods l 
bo 3.61 0.77 1.59 0.65 
(7.92) (1.35) (3.09) (1.86) 
b, 0.26 0.27 0.27 0.26 
(3.00) (1.53) (2.33) (2.09) 
B, 0.39 0.34 - 
b, — 2.68 — 0.74 
(—6.31) (~2.31) 
By 0.82 0.45 
p -0.2 1 0.46 0.22 0.28 
(— 0.99) (2.46) (1.67) (2.16 - 
R? . 0.63 0.22 0.23 0.15 
D.W. 1.98 1.86 1.85 1.82 


Note: See Table 1. ? 


that have failed to consider inflation uncer- 
tainty may have missed the existence of the 
Phillips curve in its second stage—namely, 
that underestimates of. inflation raise em- 
ployment, and vice versa. 


To the extent that inflation uncertainty ` 


persists and causes lower employment, our 
results tend to support the case for a wider 
use of indexing of nominal contracts, which 
should reduce the impact of uncertainty felt 
on the real sector. 
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Pareto-Desirable Redistribution in Kind: Comment 


By EDGAR O. OLSEN* 


In a recent paper in this Review, Geoffrey 
Brennan and Cliff Walsh (hereafter, B-W) 
claim to have demolished the case for redis- 
tribution in kind that has been developed in 
the literature on Pareto optimal redistribu- 
tion. According to B-W, the rationale for 
in-kind transfers in this literature is that 
in the presence of specific commodity util- 
ity interdependence they are necessary to 
achieve an efficient allocation of resources. 
They correctly point out that this proposi- 
tion is not generally true, and in so doing, 
demolish one argument for redistribution in 
kind. However, as I shall show in the first 
section of this comment, this is not the only 
possible argument to make in favor of the 
practice. 

Brennan and Walsh go beyond the demo- 
lition of this one rationale to argue that if 
redistribution is necessary to achieve an effi- 
cient allocation of resources, it should be in 
the form of lump sum grants. In attempting 
to prove this theorem, they sharply dis- 
tinguish between two cases. In both cases 
society contains a recipient concerned only 
about his own consumption of N goods. 
That is, he has a utility function of the 
form: 


(1) Up= Up Xh, XR) 


In B-W’s first case, there is a donor con- 
cerned about his own consumption of these 
goods and the recipient’s consumption of 
one good.,! Specifically, 


(2) Up= Up( Xp»: Xp» Xp) 


*Associate professor, department of economics, 
University of Virginia. I am grateful to Allan Feldman 
and an anonymous referee for comments which were 
helpful in revising an earlier draft of this paper. 

lIn fact, if only one other person was concerned 
about each person’s consumption and if the allocation 
of resources in the absence of transfers is inefficient, 
then there is every reason to expect that they would 
privately reach an agreement resulting in an efficient 
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Brennan and Walsh correctly argue that in 
this case it may be possible to achieve an 
efficient allocation of resources without 
transfers. That is, there exist indifference 
maps, production functions, and initial en- 
dowments such that the initial allocation is 
inefficient but an efficient allocation can be 
attained without making the recipient better 
off. In B-W’s second case, the donor is also 
concerned. about the recipient’s level of 
well-being as the recipient judges it and 
hence has a utility function of the form: 


(3) Up=Up( Xb»---- XJ, XkUr) 


In this case they argue that if both the 
specific and general utiity interdependen- 
cies are Pareto relevant, then transfers are 
necessary for efficient resource allocation 
and the appropriate form of redistribution is 
lump sum. The second section of my com- 
ment shows that this theorem is false. 
Together the two sections demonstrate 


‘that there is no difference between the two 


cases with respect to wkether transfers are 
justified and whether thev should be in kind. 
In both cases transfers may not be necessary 
to attain an efficient allocation, the only 
efficient allocation that can be achieved by 
means of a lump sum grant from the donor 
to the recipient involves giving all of the 
donor’s income to the recipient, and (with 
one weak assumption added) in-kind trans- 
fers are necessary to attain an efficient al- 


allocation. The case for redistribution through govern- 
ment is that many people are concerned about the 
consumption of the same person. This utility interde- 
pendence may result in some private transfers. How- 
ever, after all such transfers, it is quite likely that many 
parties to this externality will value increased consump- 
tion of some good by the recipient, but not enough to 
justify additional unilateral giving. Two-person models 
of utility interdependence are used to simplify the 
exposition, and the assumption of no private transfers 
is added so that the conclusions will be the same as in 
the many-person model. 
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location preferred by everyone to the alloca- 
tion in the absence of government action. 


I. A Rationale for In-Kind Transfers 


The purpose of this section is to develop a 
rationale for in-kind transfers that is implicit 
in the literature on Pareto optimal redistri- 
bution (see, for example, my 1971 paper, p. 
223) but has never been adequately spelled 
out. The rationale is that in the presence of 
specific commodity utility interdependence 
such transfers are necessary to achieve an 
efficient allocation of resources preferred by 
everyone to the allocation in the absence of 
government action, provided that no one is 
willing to sacrifice all of his own consump- 
tion for a finite increase in consumption by 
others.? This theorem will be proved for 
B-W’s first case almost entirely by reference 
to published results; the proof for their sec- 
ond case is analogous. 

It is well-known (see, for example, James 
Rodgers, pp. 270-71) that in B-W’s first 
case the allocation of resources in the ab- 
sence of government action is inefficient, 
assuming no satiation and ignoring corner 
solutions. Therefore, there are infinite- 
ly many efficient allocations preferred by 
both the recipient and the donor to the ini- 
tial allocation. Ignoring corner solutions, 
Rodgers (pp. 271-72) has shown that no 
efficient allocation can be attained using an 
unrestricted cash grant. The only corner 
solution relevant to this discussion (see my 
1978 paper, pp. 4-10) is the allocation re- 
sulting from giving all of the donor’s income 
to the recipient. Since the recipient is as- 
sumed to be completely selfish, this alloca- 
tion is efficient. However, if the donor is not 
willing to sacrifice all of his own consump- 
tion for a finite increase in consumption by 
the recipient, then he prefers the initial al- 
location to this allocation. Therefore, under 
the conditions stated, redistribution in kind 
is necessary to achieve an efficient alloca- 
tion of resources preferred by everyone to 


?This proviso is necessary to take account of corner 
solutions. For a diagrammatic exposition that deals 
with corner solutions and satiation, see my 1978 paper. 
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the allocation in the absence of government 
action. 

Now consider the case in which prefer- 
ences are defined by equations (1) and (3). 
Ignoring corner solutions, a necessary con- 
dition for efficient resource allocation is 


(4) Up 1/Up2- Up, vail Up2= Un i/ UrR,2 


where U, , is the partial derivative of the ith 
person’s utility function with respect to its 
kth argument. In the absence of govern- 
ment action, 


(5) Up,;/ Uy 2= Ur, 1 / UR 2= P/P 


where P, is the market price of the ith good. 
Assuming no satiation, Up y+; is every- 
where positive. As a result, equation (4) is 
not satisfied at the initial equilibrium. 
Therefore, the allocation in the absence of 
government action is inefficient and there 
are infinitely many efficient allocations pre- 
ferred by both the recipient and the donor 
to this allocation. Ignoring corner solutions, 
no efficient allocation can be attained using 
an unrestricted cash grant because such 
grants do not affect equation (5). Beyond 
this point, the proof is identical to the proof 
in the preceding case leading to the same 
conclusion. In-kind transfers are necessary 
to achieve an efficient allocation of re- 
sources preferred by everyone to the alloca- 
tion in the absence of government action 
provided that no one is willing to sacrifice 
all of his own consumption for a finite in- 
crease in consumption by others. 


II. An Impossible Theorem 


In the second section of their paper, B-W 
claim that if society is composed of people 
with preferences defined by equations (1) 
and (3), and if both the specific and general 
utility interdependencies in (3) are Pareto 
relevant, then transfers are necessary to 
achieve an efficient allocation of resources 
and the appropriate form of redistribution is 
lump sum. The following counterexample 
shows that the first part of this theorem is 
false and the second is mysterious. 
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Assume that there are two individuals in 
society, a donor and a recipient. They con- 
sume two. goods, education Æ and other 
goods X. The donor directly consumes only 
other goods, but he also has a selfish interest 
in the recipient’s education, cares about the 
recipient’s well-being, and considers the 
recipient to be the best judge of his own 
well-being. The recipient cares only about 
his own.consumption of education and other 
goods. Let X; and X, be the quantities of 
other goods directly consumed by the donor 
and the recipient, respectively, and E, be the 
quantity of education directly consumed by 
the recipient. Suppose that the preferences 
of the recipient and the donor can be repre- 
sented by the functions: 


(6) U=X5E? 


(7) 


Assume that education and other goods are 
produced at constant costs of $1 per. unit, 
and that the donor has an income of $200 
and the recipient an income of $100 per 
timie period. Hence, the budget frontier of 
this society is 


(8) 


Suppose that pretransfer incomes and mar- 
ket prices are unaffected by transfers. Fi- 
nally, assume that there will be no private 
transfers between the donor and the recipi 
ent. 

The results of this example can be de- 
picted in the triangle in Figure 1 whose base 
is equal to the quantity of education that 
can be purchased with the total income of 
the two people and whose height is equal to 
the quantity of other goods that can be 
bought with this total income.? Each point 
in the triangle is interpreted in the following 
way. The vertical distance from the point to 
the hypoteneuse is the donor’s consumption 


U = > Gg | eal U, 125, x X? E’ 


X,+X,+E,=300 


3This figure is an example of the type of diagram 
developed by Edgar Browning which in turn is a gener- 
alization of the diagrams introduced by Paul Samuel- 
son and F. Trenery Dolbear. Mathematical derivations 
of all results can be obtained from the author. 
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of other goods, the vertical distance from 
the point to the base is the recipient’s con- 
sumption of other goods, and the horizontal 
distance from the point to the other side is 
the recipient’s consumption of education. 
With this interpretation, each point inside or 
on.the boundary of the triangle represents a 
feasible allocation of resources and every 
feasible allocation can be represented by a 
point in the triangle. 

The recipient’s indifference curves can be 
depicted in the triangle in the usual way. 
They are smooth, downward-sloping, con- 
vex curves. The donor’s indifference curves 
in the triangle have a crcular appearance 
because they are the projections into Ce, X,) 
space of the intersections in (E, OX a) 
space of the donor’s indifference curves and 
the societal budget constraint.* The point G 
corresponds to the point where the societal 
budget plane is tangent to one of the donor’ S 
indifference curves. 

Line segment AB contains all feasible al- 
locations involving combinations (£,, X,) on 
the recipient’s initial budget line. Point C 
represents the allocation that would prevail 
in the absence of government action, namely 
(E, =20, X, = 80, X¥,=200). The recipient 
would spend 80 percent of his income on 


4The indifference curves are not drawn to be exactly 
consistent with the assumed util-ty functions, but they 
are accurate enough for the presant purposes. 
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other goods and 20 percent on education; 
the donor would spend all of his income on 
other goods. The point D is the feasible 
allocation most preferred by the recipient; 
the point G the feasible allocation most pre- 
ferred by the donor. Line segment DC con- 
tains all allocations that can be attained by 
unrestricted cash grants from the donor to 
the recipient. The line segment DG contains 
all efficient allocations. Points in the shaded 
area are preferred by both people to the 
allocation in the absence of government ac- 
tion. 

At the initial allocation C, both the 
specific and general utility interdependen- 
cies are- Pareto relevant because a move- 
ment to any allocation in the shaded area 
involves a modification in E, and U, that 
makes the donor better off without the re- 
cipient being made worse off. The move- 
ment from C to the allocation (£,= 36, X,= 
72, X,= 192) is such a movement. Therefore, 
all of the conditions of B-W’s theorem hold, 
but transfers are not necessary to achieve an 
efficient allocation of resources. Since the 
conflict curve DG intersects the recipient’s 
initial indifference curve U’, it is possible to 
attain an efficient allocation without making 
the recipient better off. ‘Since it intersects 
the recipient’s initial budget line, an effi- 
cient allocation can be attained ‘without re- 
ducing the donor’s own consumption. 

‘Figure 1 also illustrates the results of the 
preceding section. The only efficient alloca- 
tion of resources attainable using an unrè- 
stricted cash grant is that resulting from 
giving all of the donor’s income to the re- 
cipient. Clearly, the movement from the ini- 
tial allocation C to the allocation D is not a 
Pareto optimal change. These results hold 
true even if transfers are necessary to attain 
an efficient allocation. If, for example, the 
donor’s preferences are given by 


(9) , U= x7 Lee U, 375 be X? E? 
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instead of equation (7), the feasible alloca- 
tion most preferred by the donor is repre- 
sented by a point to the northeast of the 
recipient’s initial indifference curve and 
hence the conflict curve does not intersect 
this indifference curve. In this case, it is 
possible to make both people better off using 
unrestricted cash grants, but D is the only 
efficient allocation that can be attained by 
this means and the donor prefers C to D. 
To argue. for the exclusive use of lump 
sum grants in B-W’s second case is to argue 
that the efficient allocation least preferred 
by the donor should be attained or that an 
efficient allocation should not be attained. 
Since I doubt that B-W would accept either 
of these arguments, I conclude that their 


. second section contains errors in logic. 
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Pareto-Desirable Redistribution in Kind: Reply 


By GEOFFREY BRENNAN AND CLIFF WALSH* 


Edgar Olsen’s comments have two pur- 
poses: first, to provide an “alternative ra- 
tionale” for redistribution in kind not sus- 
ceptible to our criticisms of the orthodox 
formulation; and second, to disprove our 
claim that where both “general” and 
“specific” utility interdependencies are 
Pareto relevant, transfers are necessary to 
achieve optimality and need only be lump 
sum in form. In our view, however, Olsen’s 
comments reveal a failure in the first case to 
understand our logic, and in the second to 
define “Pareto relevance” appropriately. In 
part, the object of our reply is to support 
these claims, an exercise we address in Sec- 
tion I. The reply also however provides us 
with the opportunity to correct our earlier 
statement. It turns out that our original im- 
possibility theorem is technically wrong, 
though for reasons unrelated to Olsen’s 
arguments. The implications of this error 
are not entirely clear to us. It may be that 
what we have uncovered is simply an ana- 
lytic curiosum. On the other hand, it may be 
that we are able to rehabilitate the concept 
of Pareto-desirable redistribution in kind, 
though in circumstances much more re- 
stricted than those Olsen and other in-kind 
transfer exponents have had in mind. 


I 


Although Olsen accepts our point that, 
in general, transfers are not necessary to 
internalize specific commodity utility inter- 
dependencies (standard externalities), he 
claims to offer an alternative rationale for 
redistribution in kind. In doing so, however, 
he seems totally to ignore the underlying 
logic of our argument. 


“Professor of economics, Center for the Study of 
Public Choice, Virginia Polytechnic Institute and State 
University, and professor of economics, University of 
Adelaide, respectively. The paper was prepared while 
Walsh was senior lecturer in economics, Monash Uni- 
versity, 
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In internalizing an externality associated 
with R’s consumption of good_X, “transfers” 
to R may be consistent with the Pareto crite- 
rion, but only a substitution effect is strictly 
required by that criterion. Appropriately ap- 
plied, the phrase “Pareto-desirable redistri- 
bution” is, we argue, restricted to situations 
in which the Pareto criterion logically re- 
quires an increase in R’s utility—in which, 
in other words, it is logically impossible to 
soak up all possible gains from trade without 
increasing R’s utility. As we indicate,' to 
argue otherwise would be to accept that any 
situation in which individuals. are made 
better off, including voluntary trades, in- 
volves redistribution. Such usage would, we 
believe, merely promote semantic confusion, 
and it was for this reason that we insisted 
that the characteristic feature of Pareto- 
desirable redistribution is that the utility- 
possibilities frontier is upward sloping in the 
relevant range. Then,.and only then, would 
an increase in R’s utility be logically re- 
quired to reach an-efficient point, and it is 
the minimal necessary increase in R’s utility 
which strictly qualifies as redistribution.” 

Olsen’s alternative rationale is nothing 
more than a constrained version of the 
Pareto criterion, such that increases in every- 
one’s well-being are always required. Thus, 
he says, “...transfers are necessary to 
achieve an efficient allocation of resources 
prejerred by everyone” (p. 1029, emphasis 
adced). It is true that under this criterion 
income effects are required:? indeed they 


''The reader’s attention is here drawn to our original 
paper, particularly fn. 8, p. 988. = 
In an important sense, this redistribution to R is 
costless. Conceptually, it involves making R better off, 
all other utilities constant, as our later Figure 1 may 
help to see. Beginning at F, the Paretian redistribution 
is the increase in R’s utility from US’ to UX, D’s utility 
constant. This transfer then opens up the prospect of 
more or less conventional mutual gains, though, in 
praccice, the gains to R may be coincidental with 
increasing D’s utility. 
fn principle, of course, the required transfer may be 
infinitesimally small so that even the “Olsen criterion” . 
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would be required in the correction of mo- 
nopoly problems, the provision of public 
goods, and presumably in voluntary trades 
too. However they are required not by the 
Pareto criterion itself, but rather to satisfy 
an additional non-Paretian constraint, and 
these income effects have no connection with 
the essence of the Pareto-desirable redistri- 
bution literature. If Olsen’s alternative ra- 
tionale is implicit in that literature (as he 
claims), then it has been entirely misplaced; 
as ought to have been clear from our origi- 
nal contribution, his rationale is in essence 
no different from the “orthodox position” 
we discussed and rejected there.” Indeed, 
even if the required income effects were to 
be called “Olsen-desirable redistributions” (a 
_ position we would reject given our previous 
argument on the use of the word redistribu- 
tion) we would insist that they have more in 
common with the conventional zero sum re- 
distributions associated with the application 
of external norms (for example, a com- 
pletely specified social welfare function) 
than with the positive sum (efficiency-based) 
redistributions appropriately described as 
Pareto desirable. For in Olsen’s framework, 
the necessary gains to R are, in general, 
obtained at someone else’s expense. In the 
case of Pareto optimal redistribution as we 
have defined it, however, transfers to R are 
effectively “costless” to others.” Of course, 
Olsen may dispute our semantics. But it 
seems to us that our definition of Pareto 
optimal redistribution is clear, coherent, and 
unlikely to court confusion: Olsen’s alterna- 
tive usage has none of these features. 

We turn now to Olsen’s elaborate coun- 
terexample to our proposition that if both 
specific and general utility interdependen- 
cies are Pareto relevant, an income effect is 
required for optimality. His counterexample 
fails because our conditions are not met: the 





would not logically require a major transfer (in-kind) 
program. 

4See specifically our original paper pp. 988 — 89. 

5See fn. 2 above for a justification of our reference 
to Paretian transfers as costless. We must acknowledge 
that Olsen’s criterion would admit strict Paretian. trans- 
fers—-but since its purpose is to establish a case for 
transfers over and above these, this fact has no bearing 
on the points we make. 
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general utility interdependence is entirely 
inframarginal over the range in which the 
individuals are placed, and hence cannot be 
Pareto relevant. To see this, all we need to 
ask is whether from C, in Olsen’s diagram, 
increases in U,, ceteris paribus, make D 
better off. The answer is no, and Olsen’s 
demonstration depends crucially on this. 
However, if G lies above and to the right of 
C, then the general utility interdependence 
is no longer inframarginal and the Pareto 
criterion does require that R be made better 
off. Whatever definition of Pareto relevance 
Olsen is using, it is certainly not the one in 
common use. 

If we translate the Olsen example into 
utility-possibilities space, we obtain some- 
thing like Figure. 1, in which C lies to the 
right of G. For our case to apply, we need 
an initial income distribution that locates us 
at, say, C’, where both the conventional ex- 
ternality and the general utility interdepen- 
dence are Pareto relevant. From C’ it is 
clear that R must be made better off if 
optimality is to be achieved: he must at 


One might at this point raise a semantic quibble 
about our earlier definition. At C’, it is not true that 
making D better off requires making R better off since 
one can move to F. The move to G would then, of 
course, involve Pareto-desirable redistribution (and 
must, incidentally, be affected via lump sum transfers); 
but what of the move from C’ to H? To cover this 
minor ambiguity it would perhaps be preferable to 
define Pareto-desirable redistribution as a situation in 
which a move to optimality (rather than simply any 
Pareto-desirable move) requires that R be made better 
off. 
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. least have utility level Ux, and the move 
from Ux’, which is the only redistribution 
required by the Pareto criterion, can and 
must be effected solely in cash. 


i 


In our earlier paper, and in the foregoing 
discussion, we asserted that upward-sloping 


segments of the utility-possibilities frontier - 


only occur with general utility interdepen- 
dence, and on that basis we rejected the 
possibility of Pareto-desirable redistribution 
in kind. We were not quite correct: public 
goods and externalities may involve upward- 
sloping portions of the utility-possibilities 
frontier in certain corner cases” (though 
not those mentioned by Olsen). The condi- 
tions under which this is so are rather strin- 
gent and almost certainly not what Olsen 
and other transfer-in-kind exponents have 
had in mind— but it is important to identify 
the relevant conditions both in the interests 
of analytic completeness and because they 
cannot be held to be questionably policy 
irrelevant. 


A. The Basic Analysis 


The nature of the relevant corner cases 
can be most easily isolated for the case of a 
public good.’ The simple two-person (A, B), 
two-commodity (X,, X,) world illustrated in 
Figure 2 suffices for. this purpose. 

Suppose, initially, that only commodity 
X, (a strictly private good) is produced at its 
maximum (efficient) output ‘of T units. Indi- 
vidual A, given full command over that out- 
put, would attain the utility level repre- 
sented by į}, while B would have zero util- 
ity. Similarly, maximum utility for B is rep- 
resented by i$, in which case a would have 
zero utility. Other distributions of the avail- 
able output T of X, would yield the utility 


Strictly speaking, the result with which we are con- 
cerned turns only on the jointness characteristic of the 
good. and may in many cases be extended to gener- 
alized utility interdependence. In this sense our use of 
the terms public and private goods is somewhat loose, 
but convenient. 
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combinations depicted in the strictly down- 
ward-sloping utility -possibilities frontier 
UU; in Figure 3. 

Now we introduce the second commodity 
X,, supposing initially that it, too, is a private’ 
gocd, and that the production-possibilities 
frontier is TT’ in Figure 2. Individual A’ s 
utility maximum is now represented by i? 


‘(with Ug necessarily zero), and B’s by 


i2(with U, at zero), and the complete utility- 
possibilities frontier can be depicted in Fig- 
ure 3 by (the again strictly downward-stoping ) 
U Us.: 

“However, if we now suppose that X, is 
not a private good, but rather has the joint- 
ness characteristic of a pure public good, the 
outcome may change in a significant way. 
Given unchanged production possibilities, 
A’s maximum feasible utility level is still i2. 
In the private goods case, b necessarily has 
zero utility because A exhausts the output of 
both X, and X,. However with X, a public 
good, whatever A consumes of X, is fully 
and equally available for B. Providing that 
B does not regard units of the public good 
X, as useless in the absence of the private 
good, his utility is now nonzero (represented 
by I$) when A’s is at its maximum: to 
reduce B’s utility to zero would also involve 
reducing A’s utility to i} in Figure 2. 


VOL. 70 NO. 5 





FIGURE 3 


By the same token, at B’s utility maxi- 
mum, i2, A’s utility is indicated by i% and 
can only be reduced by also lowering B’s 
utility. This is reflected in Figure 3, in the 
new utility-possibilities frontier U}SS’U;, 
which over some ranges is positively sloped.’ 
Only in the downward-sloping range SS” is 
full Pareto optimality achieved, and the ex- 
tent of this range depends crucially on the 
preferences of both A and B for the public 
good relative to the private good, including 
the utility level each attains when his private 
good consumption is zero. 


B. An Interpretation 


Evidently, the provision of any conven- 
tional public good may give rise to the 
positively sloped segments of the utility-pos- 
sibilities frontier that uniquely generate re- 
distribution that is required by the Pareto 
criterion, and which we have hitherto re- 
garded as arising only for the case of gen- 
eral utility interdependence. In the case 


8 The jointness characteristic of the public good also 
leads the utility-possibilities frontier to be further “ex- 
panded” than when X, is purely private. This fact plays 
no role in our present analysis, and could be eliminated 
by assuming that the marginal cost of public good 
production of X, is higher than that of private good 
production of X, by an appropriate offsetting amount. 
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illustrated in Figures 2 and 3, the very pro- 
cess of providing the public good may place 
limits on the distribution of the gains which 
arise from its availability in a way which is 
not true of private goods.’ For any initial 
distribution on U/U, outside the range QR, 
efficient provision of the public good, in 
remaining faithful to the Pareto criterion, 
specifically requires that both of the individ- 
uals be made better off. Thus, provision of 
public goods may be considered to be as- 
sociated with a form of Pareto-desirable re- 
distribution: and since the redistribution in 
question cannot be dissociated from the 
provision of a particular good, it would seem 
appropriate to refer to this phenomenon as 
a case of Pareto-desirable redistribution in 
kind. 

It is apparent, furthermore, that analo- 
gous results may arise for any form of utility 
interdependence. Assume, for example, that 
the “well off” feel that their well-being is 
adversely affected by the health risks associ- 
ated with the poor nutritional standards 
adopted by lower-income groups (.e., 
we have an externality of standard sort). 
Whether the relevant Pareto optimum is 
achieved by subsidizing consumption of ap- 
propriate foods, or by taxing the poor’s con- 
sumption of other things (plus an exactly 
utility-compensating lump sum repayment) 
is, from a Paretian viewpoint, a matter of 
indifference. If the subsidy method happens 
to be chosen, it must in general be regarded 
as a combination of a necessary substitution 
effect and an optional income effect. Con- 
sider, however, the alternative option of im- 
posing a tax on the poor’s consumption of 
other things. Then there may remain a 
Pareto-relevant externality even when the 
poor are spending all of their income on the 
externality-generating goods. In this case, 
further gains to the well off could only 
be secured by additional transfers of the 
externality generating goods to the poor, 
potentially making both groups better off. 

It is conceivable, therefore, that redistrib- 
ution in kind may be required by the Pareto 


9This fact seems to have escaped Paul Samuelson’s 
attention in his seminal contributions to the public 
goods literature (see his chart 4, p. 352). 
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- criterion in.association with the internaliza- 
tion of any relevant utility interdependence. 
But the conditions under which this is so are 
fairly severe. It requires first that individuals 
can “live by the externality-generating good 
X alone” (i.e; that additional units of X do 
' add to utility when X is- all that is con- 
sumed); and second that recipients spend all 
of their income on the externality-generating 
_ good. Although these requirements are strin- 
‘gent, the possibility that such redistribution 
in kind might be policy relevant cannot 
be totally rejected, particularly if Pareto- 
relevant externalities’ apply simultaneously 
over a significant range of basic consump- 
tion goods (health, education, nutritionally 
desirable foods, etc.). And the possibility 
ought, at least, be acknowledged for reasons 
of analytic. completeness. If this possibility 
is viewed as a relevant one, then we have 


' supplied an alternative basis (on a sound ` 


analytic footing) for Pareto-desirable redis- 


a 


tribution in kind: our original theorem was 
not only false, but misleading for policy 
purposes. If the possibility is regarded as 
remote, however, then the theorem was 
wrong but not outrageously so: Pareto- 
desirable redistribution in kind would have 
to be regarded as not strictly impossible, but 
simply irrelevent. 


REFERENCES 


G. Brennan and C. Walsh, “Pareto-Desirable 
Redistribution in Kind: An Impossibility - 
Theorem,” Amer. Econ. Rev., Dec. 1977, 
67, 987-90. 

E. O. Olsen, “Pareto-Desirable Redistribu- 
tion in Kind: Comment,” Amer. Econ. 
Rev., Dec. 1980, 70, 1028-31. 

P. A. Samuelson, “A Diagrammatic Exposi- 
tion of a Theory of Public Expenditure,” 
Rev.. Econ. Statist., Nov. 1955, 37, 350- 
356. 


DECEMBER 1980 


The Pigouvian Tax Rule under Monopoly 


By A. H. BARNETT* 


Over the last decade, significant strides 
have been made in clarifying the issue of 
taxation for control of external effects. 
William Baumol and Wallace Oates have 
shown that, contrary to the position taken 
by Ronald Coase, James Buchanan and W. 
Craig Stubblebine, among others, unilateral 
taxes are appropriate for the control of pub- 
lic externalities. They have further shown 
that the majority of policy-relevant external- 
ities are of the public variety.’ Yet these 
efforts fail to deal adequately with an ana- 
lytic complication which arises with the 
Pigouvian approach. In particular, they fail 
to deal adequately with the problem of tax- 
_ing externalities when those being taxed are 
imperfectly competitive firms. Buchanan has 
described the nature of the problem which 
arises when externality-generating firms are 
monopolistic, and Baumol and Oates have 
restated and extended Buchanan’s work. But 
these analyses are incorrect on some points 
and incomplete on others. The purpose of 
this note is to further extend Buchanan’s 
work and to correct an error made by 
Baumol and Oates. 


I. The Model 


Two sources of misallocation can occur 
with imperfectly competitive polluters. One 
is the distortion due to the externality, and 
the other is the underproduction of final 
products generally associated with the ex- 
ercise of monopoly power. A tax on pollu- 


*Assistant professor .of economics, University of 
South Carolina. I am indebted to William Baumol, 
James Bradley, Michael Connolly, Wallace Oates, 
Edgar O. Olsen, R. Blaine Roberts, and Roger 
Sherman for helpful comments. 

lIn general, private externalities will persist only 
when (i) legal or institutional restrictions prevent 
bargaining, or (ii) the externality is either insignificant 
or the cost of price rationing is very high. For a 
discussion of these points, see Baumol and Oates, pp. 
20-21. 
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tants will reduce the generation of external 
damages, but it may also causé firms to 
réduce further their production of final 
products. Thus there may be tradeoffs be- 
tween the two distortions, one due to mo- 
nopolistic underproduction and the other 
due to external diseconomies. A tax based 
only on marginal external damages ignores 
the social cost of further output contraction 
by a producer whose output already is be- 
low an optimal level. 

An ideal solution to this problem would 
incorporate two policy actions: a device 
to increase production of final products 
together with a tax to control the external 
diseconomy. It is assumed, however, that 
the product market distortion cannot be di- 
rectly corrected, and so the pollution tax 
must achieve an optimal second best tradeoff 
of distortions. 

To see more clearly the nature of this 
optimal second best tradeoff, let us assume 
that the externality in question is air pollu- 
tion. Consider a polluter who produces a 
single product output q with the (inverse) 
demand function f(q), and who discharges 
smoke s generating e(s,X) in external 
damages: where X is a vector of activity 
levels x; for parties damaged by smoke. As- 
suming that all parties affected adversely by 
smoke are utility-maximizing individuals 
who view any tax imposed on pollution as a 
parameter, and further assuming that all 
prices relevant to purchasing decisions by 
these individuals remain unchanged as the 
rate of smoke production, s, varies, then 


x;=g(s) for all x, in X 


Thus, e(s, X) can be written as a function 
of s alone, i.e., 


e(s, X)=E(s) 


Let total resource costs for the smoking- 
generating firm be represented by c(q,w): 
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where w represents resources devoted to 
smoke treatment. Assume initially that the 
firm has two ways of reducing its effluent s. 
It may either reduce output q, or it may 
devote more resources w to the treatment of 
smoke once it is produced, 

Now let us consider a tax on effluent. 
Assuming that all conditions for optimal 
production are met elsewhere in the econ- 
omy and that society is indifferent to purely 
redistributional effects, we can use pro- 
ducer’s and consumer’s surplus as welfare 
measures.” Social welfare will be given by 
the difference between the sum of producer’s 
and consumer’s surplus and any technologi- 
cal external costs which are not accounted 
for in producer’s surplus. To maximize 
welfare by taxation, we must find some tax 
rate per unit of smoke discharged #, which 
will maximize 


D uf "f(q)dq~c(q,w) — E(s) 


where q, w, and hence s can be written as 
functions of ¢. Differentiating equation (1) 
with respect to ¢ yields the following first- 
order gondition for welfare maximization: 





ðc(q,w) dq _ ac(q,w) dw 
_ aes) | às da , as dw] 
ds | ðq dt ðw dt 


Profits for the firm are given by 
(3) M=f(q)q—-¢(q,w)—s-t 


Assuming the polluter views ¢ as a parame- 
ter, first-order conditions for profit maximi- 
zation are 


se 


Ha), _ 9c(q,w) as 


Sa E FE ag. ðq 


2To be strictly correct, I should use a real income 
constant measure of consumer’s surplus, such as equiv- 
alent or compensating variation. The area under: a 
money-income constant demand curve is only ap- 
proximately correct as a welfare measure. 
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and — 


ol, dac(q,w) ðs 
() ðw i dw ~ 


Rewriting (4) and (5), we have 


` elg, w) _ df(q) as 
(6) at nae halt dq q— ag" 
dc(q,w) -: as 
(7) aw aw 


Substituting (6) and (7) into equation (2) 
and. simplifying: yields a first-order condi- 
tion for welfare maximization combined 
with profit-maximizing behavior: 


_ -4f(q) dg. _ as dq 

8) 0 dg dt 2 8g at’ aw di 

_ dE(s){ as dq as dw): ~ 
ds | ðq dt ow at 


‘Os dw 





| and the welfare-maximizing tax is 


dla) da 
dq dt? dE(s) 
ds dq ðs dw. = ds 
dg dt Ow dt 


Obviously, (9) is not an explicit solution for 
t because ź is on both sides of the equation. 
But (6) and (7) allow us to write g and w as 
functions of ¢. Substituting into (2) then 
gives one equation in one unknown, ¢. 


(9) t= 


Il. An Illustration of Two Special Cases 


It is now possible to illustrate with (9) two 
special cases found in the literature con- 
cerned with taxation for pollution control. 
The. first case is, one in which the only 
means of smoke abatement is. reducing out- 
put q and the second case is one in which. 
waste treatment is the only mearis of smoke 
abatement. The first of these special cases is 


. ` Often analyzed in the. theoretical literature 


concerned with taxation.? The second has 


3See, for example, Baumol, Baumol and. Oates, 
Earl Thompson.and Ronald Batchelder, and James 
Marchand and Keith Russell. 
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been used in several empirical studies.’ If it 
is assumed that the only way for a polluter 
to reduce emissions is by reducing output, 
then terms involving w in (9) disappear and 


an optimal tax is given by 
af(q) dq a 
dq dt dE(s) 
1 E aa ~ cemeneemeeainantuisaniansindadl pe ae, Sa oe 
(10) i ds dq ds 
ðq dt 


On the other hand, if we assume that waste 
treatment is the only means of smoke abate- 
ment, then dq/dt is zero and an optimal tax 
is given by 








dE(s) 4 
ds | dw dt dE(s) 
¥en EE 
(11) ¢ Is dw z 
ðw dt 


The term (df(q)/dq)(dq/dt) reflects in 
part the market structure within which the 
polluter operates, and, therefore, the signifi- 
cance of the welfare cost associated with 
reducing the firm’s output by imposing 
emission taxes. If it is assumed that the 
polluter responds to a tax on emissions by 
reducing q only, then dq/dt is negative and 
demand elasticity is relevant for determin- 
ing an optimal second best tax. Of course, if 
the polluter responds to a tax by changing w 
only, then dq/dt is zero and market struc- 
ture is not a relevant consideration. I shall 
now interpret condition (9) for the more 
general case where both q and w vary with t. 


II. A More General Case 


The importance of market structure in 
setting optimal pollution taxes may be seen 
more clearly by rewriting equation (9) to 
show explicitly the role of price elasticity of 
demand. The price elasticity of demand for 


d; N, is 
__ 4 _ fa) 
af(q) 4 


4See R. Carbone and J. R. Sweigart (1976) and 
Carbone et al. (1978). 
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aq) _ f(g) 
thus ar q= = 
and, of course, — Pa) q= a) 


Substituting this identity into equation (9)- 
yields the following expression for an opti- 
mal second best tax:° 


_ f(a) dq 
|n| dt dE(s) 
+ 
0) as da, Os dn d 
ðq dt ðw dt 


Assuming that dq/dt <0 and dw/dt> 0,° and 


îThe relevant measure of elasticity is that associated 
with the post-tax levels of the terms in equation (12). 
6While these assumptions are common in the litera- 
ture, they may not be universally applicable. To il- 
lustrate, consider the following expressions for dq/dt 
and dw/dt derived from the standard second-order 
conditions for profit maximization: 


(a) A= ss | TACLE 2e 


ðw? ðw? 
as | ae(q,w) as 
-8| - aqaw agaw || P) 
2 2 
(b) dw _ _ os _ O%e(g,w) _ os 
dt dg ðqðw ðqðw 


2 2 2 
4 OS. d'R 3 clag w)  d*s | +|D| 
dq? dq? aq 


where R is total revenue and D is the conventional 
matrix of partial derivatives formed from second-order 
conditions for profit maximization. Satisfying second- 
order conditions requires |D|>0 and 





Further, ds/8g>0 and, if we assume diminishing 
marginal productivity for resources devoted to waste 
treatment, 3s/ðw, 7c(g, w)/dw?, and 07s /dw? are all 
negative. However, we have no a priori information 
concerning the signs of 0*c(q, w)/dgaw and 07s /dqaw. 
If the sum of these two terms is negative, or if positive 
but small relative to the other terms in (a) and (b), 
then dq/dt<0 and dw /dt>0, as assumed. But, if the 
sum of 3?s/ 3qðw and 3? e(g, w)/ðqðw is positive and 
large, it is possible that dg/dt>0 or dw/dt<0. Hence, 
it is possible, though the chance seems remote, that the 
optimal tax rate would be higher for monopolistic than 
for competitive firms. 
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observing that dqg/dt approaches some finite 
number as || approaches infinity, it is easily 
seen that as demand approaches the per- 
fectly elastic state the value of the optimal 
tax rate approaches marginal external dam- 
ages, dE(s)/ds. But when 7 is finite, a tax 
rate less than marginal external damages is 
required to achieve an optimal tradeoff be- 
tween the external diseconomy and the 
welfare loss associated with monopoly re- 
stricted output. Thus, the optimal second 
best tax rate can be higher as demand is 
more price elastic.” Moreover, a positive tax 
will be appropriate only when marginal ex- 
ternal damage, dE(s)/ds, exceeds 


fla) da 

|n| dt 
ds dq ðs dw 
0q dt ow dt 


The conclusion that optimal second best 
tax rates can be higher for firms with more 
price elastic demand functions differs from 
the conclusion arrived at by Baumol and 
Oates. In expanding on Buchanan’s initial 
discussion of monopoly and pollution taxes, 
they state: 


The more inelastic demand, the 
smaller, apparently, is the change in 
output resulting from a given change 
in the [emission] tax. This seems to 
suggest that other things being equal, 
we should adopt a higher emission tax 
where the product demand is more 
price inelastic. As is widely recagnized, 
this role of elasticity is typical of many 
second-best problems of pricing and 
resource utilization. | 

[p. 77, emphasis added] 


Baumol and Oates fail to note here a dif- 
ference between most second best problems 
and the special problem of taxing for pollu- 
tion control. In the usual case, social losses 
from taxation are minimized by minimizing 


Tht should be noted, however, that the optimal tax 
rate need not increase monotonically with price elastic- 
ity of demand. ` 
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distortions in market-dictated resource utili- 
zation. However, the purpose of a tax on - 
pallutants is to reduce the social cost of 
market imperfections where the starting 
paint is not ideal. Corrective taxes reduce 
external costs but they add to the dead- 
weight loss attributable to the monopolist’s 
restricted output. 


IV. Conclusions 


In the search for efficient controls for 
externalities, economists have, in general, 
supported taxes over administrative regula- 
tions. The reasons for this choice are well 
known and grounded solidly in economic 
theory. However, in our enthusiasm for 
market-like solutions, we have been remiss 
in failing to sort out the complexities of 
optimal taxation. This paper has dealt with 
one factor which complicates the derivation 
of optimal taxes for the control of externali- 
ties. I have derived two main conclusions: 
G) where polluters are imperfectly competi- 
tive, second best optimal tax rates may be 
less than marginal effluent harm; and (ii) 
the amount by which optimal tax rates fall 
short of marginal damages may increase as 
price elasticity of demand for the polluter’s 
produce decreases, © 
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A Note on the Separability of Production 
and Location 


By ARTHUR P. HURTER, JR., JOSEPH S. MARTINICH, 
AND ENRIQUE R. VENTA* 


The choice of a facility location and the 
design of the facility, including the choice of 
the quantity of each input to use, are in- 
timately related. Consequently, one would 
expect facility location and facility design 
problems to be addressed as simultaneous 
problems in the theory of the firm. How- 
ever, the traditional theory of the firm does 
not include spatial elements. Furthermore, 
the traditional theory of location, following 
Alfred Weber, does not include the choice 
of input mix. It is as if the developers of 
these traditional theories felt that a kind of 
separability was inherent in production- 
location problems. There are analytical ad- 
vantages to the use of this separation, but it 
carries with it the possibility of suboptimi- 
zation. 

A number of authors have taken the point 
of view that production and location prob- 
lems should be treated simultaneously. These 
efforts include the classic paper by Leon 
Moses and more recent papers by Hurter 
and Richard Wendell, David Emerson, A. J. 
Goldman, M. Bradfield, Noboru Sakashita, 
` Robert Woodward, and Amir Khalili, Vijay 
Mathur, and Diran Bodenhorn. In one way 
or another, each of these authors contrib- 
utes something to the question of the condi- 
tions under which the location decision and 
input-mix decisions can be treated sep- 
arately. Our purpose here is to address this 
question directly, to draw together the con- 
tribution of these various authors, and to 
extend them. 


*Professor of industrial engineering and manage- 
ment sciences and of finance, Northwestern University; 
assistant professor, School of Business Administration, 
University of Missouri-St. Louis; and instructor in 
management science, Loyola University, respectively. 
Work was partially supported through NSF grant ENG 
7171-07463. 
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J. Assumptions and Problem Formulation 
A. Assumpiions 


1: The facility produces a single product at 


rate Zo. 
2: The facility uses 2 inputs at rates 
(Zis Zyk 


3: Input prices, at their sources, are known 
and fixed at P; j=1,...,n 

4: The location of the input sources are 
known and fixed-at (a, ;, &3;)=4;. 

5: One facility is to be located at Cr X3) 
=X, 

6: Transportation costs for each input are 
proportional to distance and quantity at r, ( for 
example, $/ton-mile). 

7; Any l, distance measure can be used. 
The distance from the facility to the source of 
input j is d(x, a,). 

8: Customers. pay for the cost of transport- 
ing product. (Relaxed for the third and fourth 
problems.) 

9: The objective is to “design” a facility to 
produce output at a given rate Zo. 

10: Inputs and outputs are related by a 
production function zy=f (Zis... Zp). 

11: Customer demand for the " product is 
totally price inelastic. 


B. First Problem 


The problem formulation suggested by 
this set of assumptions is that of choosing 
the facility location (x) and the input mix 
(z) so as to minimize production and trans- 
port costs while producing output at rate Zo. 
This takes the form: 


(1) min 5 | r,d(x, a, +s]; 


2 j=l 


subjectto  Zy=f(2;,..-,2Z,) 
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This is a version of the problem addressed 
by Moses and later by Hurter and Wendell. 


Hurter and Wendell rewrote equation (1) 


introducing an “artificial” separation of the 
problem into two subproblems: one a mini- 
mization over z; the other a minimization 
over x. They recognized that, for an arbi- 
trary location x, the first-order condition for 
the minimization over z is 


a;)+p;—u()5(2*) =0 
j=1l,...,n 

The asterisk denotes the optimal values 
and p(x) is the Lagrangian multiplier inter- 
preted as the marginal cost of production at 
location x. Hurter and Wendell noticed that, 
when each first-order condition was multi- 
plied by z* and the result summed over j, a 
new form of the objective function was ob- 
tained: 


(3) 


(2) d(x, 


S [nae a) +] J= È > stile") | 


The left-hand side of (3) has the same 
form as the objective in (1). This suggests 
substituting the right-hand side of (2) as an 
equivalent objective in the production- 
location problem. If the right-hand side of 
(3) were independent of the choice of 
Z1)++»,Z,, then separation of the choice of 
x from that of z would be possible with- 
out danger of suboptimization. When 
[> j=12j J(z)] is a constant K for all z such 
that Z, Z= F(Z.. .,Z,), the right-hand side of 
(3) is independent of z. Hurter and Wendell 
identified a class of production functions 
exhibiting this property, and Goldman has 
shown that this class is identical to the class 
of homothetic production functions devel- 
oped by Ronald Shephard. Thus: 


THEOREM 1: Jf the production function is 
homothetic, then equation (1) can be solved by 
first solving for an optimal location x* and 
then for the optimal input mix z*. In other 
words, the traditional separation is valid for 
the first problem (1) if the production function 
is homothetic. 


all z! with Zo=f(2'), fQz')= zê 
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C. Second Problem 


A related question to that of separability 
is whether or not the optimal location varies 
with the level of output. Homothetic pro- 
duction functions have the property that the 
expansion paths they generate are straight 
lines, meaning that optimal input ratios 
zi /zt,i, j=1,...,. are not altered as the 
rate of output changes as long as Assump- 
tion 3 holds. Thus: 


THEOREM 2: If the production function is 
homothetic, the optimal location, x*, and the 
optimal input ratios, z¥ /z* related to equation 
(1), are independent of the level of output, Zo, 
and a single location is optimal for all levels of 
output. 


PROOF: 

Let 0(z9)  {(z, x)| f(z)=z, and (z, x) 
is optimal in equation (1) for zo}. Let zj and 
zi be arbitrary rates of output (>0). 
Shephard has shown that there exists some 
scalar A>0 (for f homothetic) and that for 

If (z', x’) 
is optimal for z4 and (z7, x?) is optimal for 
7: 


n 
© [ya(x', a) +p; ]z; 
j=l : 
<$ [zdl a) +0] 3) 
j= 
o 5 [ r,a(x!, a;) +p, |Az} 
j=l 


<> [ rd (x?, 


j=l 


a;)+p,|27 
Then, (Az’, x!) Ee( zi). Similarly, it can be 
shown that (1/Az? , x?) €O(z4) or(z*, x7)E 
NO(z}). Finally, 

(26) =A8( zo) 


2 {(rz!, x)|(z}, x!) €0(z4)} 
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An alternative form for the proof of The- 
orem 2 emphasizes the separability through 
the formulation of the cost function. Based 
on Shephard’s work, Hurter and Venta have 
shown that the cost function C(x, z)), which 
includes the delivered costs of the optimal 
(for Zo) mix of inputs, can be written 


(4) C(x, 29) =h(x)g(Z0) 


providing the production function is homo- 
thetic. Thus, the location that minimizes cost 
for some arbitrary Z), minimizes cost for all 
values of z, as required by Theorem 2. 

Shephard has shown that the production 
function is homothetic if and only if the cost 
function is separable in input prices and 
output level. Then, (4) is a proper represen- 
tation if and only if the production function 
is homothetic. Consequently, Theorems 1 
and 2 could be written to show that homo- 
theticity of the production function in (1) is 
necessary and sufficient for separability and 
for independence of location and level of 
output. 


D. Third Problem 


Suppose Assumption 8 is relaxed and the 
firm is required to pay the transport costs 
for its product. Let b,=(5,,, b24) be the 
location of the kth customer, let g, be the 
quantity required by the Ath custemer and r 
be the unit transport cost of the firm’s prod- 
uct. Then the design problem can be written 


(5) min È rd(x, by) 4% 
XZ k=l 


+ D [zdat] 
2 


m 
subject to > Y= Zo=f( Zis- Zp) 
k=! 


This is equivalent to 


m 


nin > rd( x, b,.)4, 
x | k=l 


z3z°=f(z) j=l 


J 
+{ min 3 [rdxap-+n)} 
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The subproblem in { } is similar to (l) 
and, using (3), it can be written as min p(x). 
Consequently, (5) can be written 


m 


(5) minp(x)+ D rdlx, be) 


=] 


which is a “pure” location problem. Once 
again, it is possible to separate the choice of 
optimal location from the choice of the opti- 
mal input mix when f is homothetic. 


E. Fourth Problem 


An equivalent form of (5’), which is con- 
venient for studying the effect of changes in 
rate of output on location and on the opti- 
mal input mix may be written in terms of 
the cost function: 


(6) min > rd( x, by) q,+h(x)g(Zo) 


This function is not independent of the level 
of output z , nor of the quantities de- 
manded by individual customers, q}. Thus, 
when the costs of transporting products to 
market are borne by the producer and are 
of such a magnitude that they cannot be 
ignored, the optimal location x* is not, in 
general, independent of tke rate of output 
Zp, even when the production function is 
homothetic. 

However, if the production function ex- 
hibits constant returns to scale, then h(x) in 
(6) is the average cost of production and 
transportation of all inputs, which is a con- 
stant with respect to the level of production 
Zp at location x. Then, (6) becomes 


(6) min 2 rd(x,,,b,.)G,+h(x)Z9 


When zo is changed to 8z,{8>0), and each 
q, is changed to Bq,, the location that was 
optimal when output was 2, will be optimal 
for output zo for all B>0. | 


Il, Discussion 


Traditional location analysis, which ab- 
stracted from the determination of the opti- 
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mal input mix for the production of a given 
rate of output, was on firm ground. When- 
ever the production function is homothetic, 
the choice of an optimal location can be 
treated independently of the choice of an 


optimal input mix. Similarly, under these- 


conditions, the theory of the firm was justi- 
fied in abstracting from spatial considera- 
tions. Further, when the cost of transporting 
the. product can be ignored, the same loca- 
tion is optimal for all levels of output. 
Almost all the production functions com- 
monly used in economic analysis, including 
many based directly on engineering design 
relationships, are homothetic or can be ac- 
curately approximated by homothetic func- 


tions. Consequently, the restriction of these ` 


results to homothetic production processes 
is only a modest limitation on their general 
applicability. 
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Unique Equilibria, Pure Profits, and Efficiency 
in Location Models — 


By DENNIS R. CAPOZZA AND ROBERT VAN ORDER* 


Recent papers in spatial microeconomics 
have analyzed the distortions that arise when 
space influences a firm’s decision (for exam- 
ple, see our 1977a,b, 1978 papers; B. Curtis 
Eaton and Richard G. Lipsey, 1976b, 1978; 
H. S. Grace; M. L. Greenhut; Harold 
Hotelling). As this research has evolved, it 
has become clear that what might appear to 
be somewhat narrow issues in spatial eco- 
nomics are having rather general implica- 
tions for economic theory as a whole. Excel- 
lent reviews have recently been provided by 
Eaton-Lipsey (1976b) and Greenhut. For 
example a number of undesirable features 
of the perfectly competitive model disappear 
when space is introduced. Demand curves 
faced by firms need not be horizontal, the 
size of the firm is no longer indeterminate, 
and increasing returns to scale need not 
preclude an equilibrium. The link between 
the perfectly competitive model and spatial 
models has been outlined in our 1978 paper. 

As pointed out in a series of articles by 
Eaton and Lipsey (1976a,b, 1978), most of 
these models determine long-run equilibrium 
by assuming entry until profits are zero. For 
reasons to be discussed shortly, this may not 
be the right assumption. The long-run level 
of profits should be derived. It may be that 
long-run equilibrium is not unique and prof- 
its are nonzero. 

This paper has two purposes. The first is 
to provide an exposition of the dynamics of 
entry in location models in some simple but 
interesting cases. The analysis is intended to 
complement and clarify work by Eaton and 


*University of British Columbia and U.S. Depart- 
ment of Housing and Urban Development, respec- 
tively. An earlier version of this paper was presented at 
the Pacific Regional Science meetings in August 1977. 
We have benefited from the helpful comments of 
B. Curtis Eaton. Remaining errors are our responsibil- 
ity, of course. 
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Lipsey. Important cases are presented in 
which profits are not zero, equilibrium is not 
unique, and history matters forever. The 
second purpose is to analyze welfare impli- 
cations of the model. It is suggested that 
pure profit equilibrium may, in fact, 
be preferable to zero profit equilibrium. 

In the next section we discuss the assump- 
tions used here as well as in the Eaton-Lipsey 
papers. Section II develops a simple model 
with portable firms. Equilibrium is unique 
and economic profits are zero. Section III 
extends the model to the case of immobile 
firms. We find both pure profits and multi- 
ple equilibria. Section IV considers the con- 
sequences of multiple equilibria and pure 
profits. 


I. Assumptions 


Here we discuss assumptions common to 
location models. 


ASSUMPTION 1: Market. The topology of 
the market is not crucia to the issue at 
hand; however, there are two obfuscations 
that we wish to avoid, botk of which arise in 
a bounded market. First, in a bounded 
market the outermost firms behave differ- 
ently from interior firms. The outer firm has 
an incentive to locate closer to an interior 
firm than to the market boundary, while 
interior firms generally prefer to be equally 
spaced. This is the Hotelling problem, which 
has been analyzed extensively. We avoid the 
problem by assuming the market to be un- 
bounded, so that there are only interior 
firms. 


The second problem arises when the 
market is finite in length (i.e., closed). Pure 
profits can arise for reasons unrelated to the 
central issue. Consider Paul Samuelson’s 
volcanic island where f:rms are spaced 
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around the perimeter of a circle. Let the 
market be uniform in density, firms have 
only fixed costs, and price be fixed and 
unitary. Assume that each firm requires a 
market of length A to break even. If the 
perimeter is L miles long and L=WN4A, then 
N firms will exist and earn zero profits. But 
if the market is slightly larger so that L=(N 
+5)A, where 0<6<1, only N firms can 
survive profitably. The extra market length 
6A will be divided among the existing firms 
and each will earn pure profits equal to 
dA/N. 

Notice, however, that this source of pure 
profits disappears in a large market. As 
market length L approaches infinity, the 
number of firms N also approaches infinity. 
Profits per firm fall to zero even if ô is close 
to its upper bound of one. 

The above is clearly a result of indivisibil- 
ities and is a possible source of pure profits, 
but one which is less important in the typi- 
cal large market. Since we wish to con- 
centrate on other aspects of the issue, we 
assume the market to be unbounded and 
infinitely extensible. In addition, we assume 
a one-dimensional market for simplicity. 
This suppresses the market-shape issue of 
Eaton-Lipsey (1976). 


ASSUMPTION 2: Demand. The pure prof- 
its issue does not appear to be sensitive to 
the assumption about individual demand 
curves. We make the simplest assumption of 
an all or nothing demand, where 


q=1 | if p*<po 
0 if p?>po 


where q is quantity demanded, p? is delivered 
price, and po is maximum price. Consumers 
buy one unit from the producer with the 
lowest delivered price. To prevent any pro- 
ducer from becoming a local monopolist, we 
also must have for i=1,2 


P+tR; S Po 
where p is mill price, R; is distance to the ith 


competitor, and ¢ is transport cost per unit 
distance. 
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ASSUMPTION 3: Pricing Policy. Firms are 


assumed to charge that price which maxi- 
mizes profits. 


ASSUMPTION 4: Conjectural Variation. 
The assumption made with respect to com- 
petitors’ reactions or “conjectural variation” 
is critical and requires some elaboration. In 
the typical location model, equilibrium price 
and market radius are determined from two 
relationships. The first relationship between 
market radius and optimal price is obtained 
by maximizing profits with respect to price. 
The second is obtained by assuming that 
equilibrium occurs when profits are zero; 
that is, firms enter as long as profits of 
existing firms are positive (see our 1978 
paper). 


Presumably new firms enter because they 
expect their profits to be positive, not be- 
cause existing firms have positive profits. In 
most models, expected profits of new firms 
and observed profits of existing firms are 
identical. If entering firms are “small” rela- 
tive to the market, and if entering firms face 
the same cost and demand curves as existing 
firms (which is the usual assumption), then 
entering firms should believe that they will 
earn as-much as existing firms. Hence, nor- 
mally, observed profits or losses can be taken 
as the stimulus to entry or exit.! 

However, in locational models, potential 
entrants are not necessarily the same as 
existing firms. Since they must locate be- 
tween two old firms, their market may only 
be about half the size of existing firms’ 
markets. Hence, their expected profits could 
be negative while existing firms’ current 
profits are positive. If existing firms hold 
their positions, entering firms cannot expect 
to garner as large a market. Eaton-Lipsey 
have labelled the assumption that firms ex- 
pect other firms to stay put after entry “zero 
locational conjectural variation” (ZLCV). 
It is this assumption and its alternatives on 
which we focus our analysis. 

Zero conjectural variation (ZCV) is an 
extension of the usual notion in monopolis- 


1See Eaton and Lipsey (1978) for a similar argu- 
ment. 
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tic competition that individual firms face a 
large number of competitors. We believe 
_that ZCV is plausible though cortroversial 
as far as price is concerned (ZPV), (see 
our 1978 paper). Fortunately, it is not essen- 
tial, so we need not take issue with it except 
to note that the results are consistent with 
other price conjectural variations {see fn. 3 
below). 

Following the Eaton-Lipsey (1978) model, 
we distinguish two types of equilitrium: 

1) Fixed-numbers equilibrium: when no 
change in price or location will increase 
profits. 

2) Free entry equilibrium: when ex- 
pected profits of new entrants are nonposi- 
tive. 

For the purposes of dynamics, the central 
issue concerns fixed-numbers equilibrium. 
In Eaton-Lipsey (1976a; 1978) it is used 
mainly as a condition of long-zun equi- 
librium, but in the simulation routine in 
Eaton it is assumed to occur in the short 
run; that is, when a new firm entecs existing 
firms move to new locations to establish a 
limited equilibrium. For this to occur firms 
must be portable. 

In building a model of long-run equi- 
librium, it is desirable to have firms believe 
only things that are true. If we assume 
fixed-number equilibrium to hold, then if a 
new firm enters, neighboring firms do not 
stay put. They move away, and force their 
neighbors to move away, and so on. Indeed, 
one firm entering on an infinite line will 
affect neither the neighboring firms’ prices 
nor the distance between firms since firms 
will spread out evenly in equilibrium. In the 
long run, entering firms should be aware of 
this. Rather than expecting a zero variation, 
they should expect a positive locational re- 
sponse; that is, they should expect that firms 
will move when they enter and that distance 
between firms will remain constaat as long 
as firms are portable. If firms are not porta- 
ble, we cannot have fixed-numbers equi- 
librium in the short run. Thus, there may be 
a conflict in assuming both fixed-numbers 
equilibrium and ZLCV. 

The way out, of course, is to assume that 
there are costs of moving firms. This tack is 
followed by Eaton-Lipsey (1978). It is cer- 
tainly a reasonable approach, but again it 
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implies that we cannot have fixed-numbers 
equilibrium with respect to location; that is, 
the costs of relocating will hinder movement 
to equilibrium in the short run. We consider 
two polar cases. In the first, firms are porta- 
ble and believe (correctly) that their entry 
will cause other firms to move. On the in- 
finitely long line there is no post-entry 
change in market area. In the second case, 
firms are “nailed down” ard recognize their 
own and other firms’ immobility. In both 
cases firms assume no price reactions by 
rivals, 


ASSUMPTION 5: Linearity. To simplify 
matters we assume that total costs are linear 
in output and that transport costs per good- 
mile are a constant, t. 


H. Equilibrium with Portable Firms 


Assume that populatior. density is con- 
stant and equal to one person per unit area, 
and ‘that each person buys one unit of the 
good in question. With demand perfectly 
inelastic, the only decision for consumers to 
make concerns the store from which they 
buy. It will be the store with the lowest 
delivered price. The boundary between two 
firms, given their mill price, will be that 
point where delivered prizes of each firm 
are equal. If a firm raises its price, this 
boundary contracts and the firm loses 
customers to competitors. Hence, the slope 
of the firm’s demand curve comes from 
changes in market area rather than changes 
in the quantity purchased by each individ- 
ual. 

Instead of assuming that firms are com- 
pletely portable, a rather unrealistic assump- 
tion, we assume that firms are nailed down 
for one period; but at the end of the period 
they can relocate as freely as new entrants. 
Hence, during the period we have both 
ZLCV and ZPCV, but between periods new 
firms enter if profits of existing firms are 
positive. It is then straigh:forward to show 
that? 


(1) Q=2R+=(5-p) 


2This is a variant of the demand curve in our 1977a 
paper. It is derived by equating delivered price lines to 
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where 2R is the distance between the firm’s 
competitors, ¢ is unit transport costs, p is the 
firm’s price, p is the average price of its two 
nearest competitors, and Q is the demand 
faced by the firm. 

Let total costs be given by k+cQ, so that 
profits are 


(2) | Y=(p—c)Q-k 


Then profit maximization gives? 


(3) p= 5 (c+p+2iR) 


Since firms are identical, they should all 
charge the same price in equilibrium. Equat- 
ing p and p, we obtain “short-run” 
equilibrium price as a function of the prede- 
termined density of firms; i.e., 


(4) p=ct2tR 


It should be noted here that the location 
of the individual firm between its rivals is 
indeterminate; in particular, it is just as 
profitable to be next to one of its rivals as it 
is to be located exactly between them.* Only 
market diameter D matters, the breakdown 
into distance to the left-hand and right-hand 
firms being of no consequence. This results 
from the inelastic demand curve. If demand 
had some price elasticity, firms would al- 
ways choose to be in the center of the 
market (see Eaton-Lipsey, 1978). 

For reasons discussed in the previous sec- 
tion, let entry with portable firms follow the 
usual mechanism in which entry depends on 
actual profits. New firms expect to earn 


find the boundary between firms and then noting that 
with unit demand per unit area, total demand is simply 
equal to total market area. The only difference here is 
the average price term p, which arises because firms are 
not assumed to charge the same price. 

3 Maximizing (2) with. respect to price gives 


dY/dP=0=(p—c) dQ/dp+Q 


with ZPCV (dp/dp=0)dQ/dp=1/t and (3) follows 
immediately. Other price conjectural variations can be 
treated similarly with no qualitative difference in the 
results that follow. ' 


4We are indebted to Eaton for pointing this out to. 


us. 


CAPOZZA AND VAN ORDER: LOCATION MODELS 1049 


exactly the same profits as existing firms. 
Entry ceases when profits of existing firms 
are zero. Hence, in the long run, the left- 
hand side of (2) is set equal to zero, and the 
zero profit price is found to be 


(5) p=ct+k/2R 


Equations (4) and (5) are two equations in 
p and R and yield the long-run levels of 
both. The resulting long-run levels of p and 
R in this mobile firm case are 


> 1/2 
Pyne (kt); Ry=(3;) 


This equilibrium is unique, and profits are 
zero; that is, if there are no costs to chang- 
ing locations, there are neither pure profits 
nor multiple equilibria. Firms base entry 
decisions on profits of existing firms and 
enter until profits are zero for all firms. 

The model here can be interpreted either 
as one of portable firms (between periods) 
or as one in which firms last only one period. 
In the latter interpretation, all firms leave 
the industry, and a new set of firms takes 
over at the end of each period. This inter- 
pretation raises the question of gradual de- 
preciation. 

If capital depreciates gradually over sev- 
eral periods, an entering firm will realize 
that in the long run some rivals will leave. 
However, if there is a cost to waiting, en- 
trants must expect positive long-run profits 
before they will enter and sustain temporary 
losses. We bypass this messy intermediate 
case and consider the other extreme where 
capital is both immobile and indestructible. 

Note that it is not the case, as is some- 
times argued (for example, see Eaton-Lipsey, 
1978, and Nicholas Kaldor), that indivisibil- 
ities of capital or scale economics prevent 
zero profit equilibrium. The simple model 
here has both. Rather it is the immobility of 
capital that causes it. 


I. Equilibrium with Immobile Firms 
The dynamics behind the analysis of the 


preceding section is deliberately simple. 
Each time new firms enter, all firms relocate 
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to establish limited equilibrium. Because of 
the inelastic demand, firms are indifferent 
to where they locate; they can be either 
half-way between neighboring firms or 
asymmetrically spaced. They nezd noi be 
equidistant. If we assume that firms are 
immobile, the actual spacing does matter 
since firms understand that there will not be 
continued relocation: They will consider ex- 
isting locations given and will locate where 
the market is largest. The problem of firms 
entering when market possibilit.es are of 
uneven size is unnecessarily complicated. 
Since our immediate goal 1s to provide a 
plausible example of location dyramics and 
to establish that the solution is not unique, 
we simply assume that firms are evenly 
spaced and always enter at the center of the 
market on the grounds that the general 
character of our results will probably hold 
in more complicated cases. We do assume 
fixed-numbers equilibrium for price; that is, 
' once firms have entered, market price is 
given by (4). 

If firms are evenly spaced, ecuation (4) 
can still be applied easily. The entering firm 
is now forced to locate between two immo- 
bile firms. It’s radius will be half thet of 
existing firms. Letting R be the expected 
radius of new firms, we have 


l 


(6) R= 7k 


where R is now redefined to be the actual 
market radius of existing firms before entry. 
For entry to stop, we must have zero profit 
for newcomers. By the ZPCV assumption, 
firms are expected to hold their prices con- 
stant. From (3) and (6), the profit- 
maximizing price for new entrants in terms 
of current distance between firms is 


_ct+tR+p 


Doo > P > 
We know, from (4), that 


(8) poct+2iR 


Again, if individual demand curves heve the usual 
slope, location will always be at the center. 
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so that 
| +tR+c+2tR- 
(9) p= — =¢ +4 5 iR 


gives the price new firms intend to charge 
under ZPCV and ZLCV given the radius. 
Expected profits at this price are 


f= p—c)5R-k 
and using (9) 


(10) Y= = iR?—k 


- Then entry will stop when expected profits 


for new firms are zero and the actual dis- 
tance between these immobile firms (de- 
noted R*) is 


Ik 1/2 k 1/2 
taio © e f 
RI (=r) > Bi (az) 


The price associated with R* is 


— \1/2 
p= C+( FA) >pt=e+(kt)'? 


The model is depicted in Figure 1. If the 
current radius is. greater than R%, say R,, 
with existing firms charging P,, new firms 
will enter charging P,, forcing all firms to 
cut their price and decrezsing market sizes 
by half. This process will continue until a 
radius R* or less is reached. At this point 
additional new firms, who would charge f, 
or less if they entered, do not enter, and the 
existing firms charge a market price less 
than or equal to 


C/R 1/2 
pj=c+($ke) >p 


The actual market price depends on that 
radius between zero and R** on which the ': 
system comes to rest. Any initial position to 
the left of R¥ will be maintained. Long-run 
equilibrium can be anywhere along the line 
cB in Figure 1. Existing firms’ profits will be 
positive for R< R< RF, but negative for 

R< Rý- . 
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Figure 1. LonG-RUN EQUILIBRIUM WITH IMMOBILE FIRMS 


This is essentially the Eaton-Lipsey result, 
depending on costs. of shifting capital as 
well as indivisibilities; that is, the equi- 
librium price and radius are indeterminate 
unless the initial conditions are specified 
(multiple equilibria), and profits need not be 
zero. 

An additional complication can arise here. 
In the portable model it made sense to argue 
that new entrants would not affect other 
firms’ prices, since the firms moved easily. 
Here, when a firm enters between two 
immobile firms it affects their price, and it 
should expect to, undermining the ZPCV 
assumption. One could, however, simply as- 
sume that firms enter whenever the posten- 
try market radius is large enough to yield 


profits at the current price; that i is, when p — 
c>k/2R=k/R. Roughly similar results 
would be obtained. 

Alternately, letting 7=dp/dp, the conjec- 
tural variation, (4) above becomes p=c+ 
2tR/(1—) and similar results follow. An 
interesting special case is the “rational” one 
in which 7 is not just conjectured but “true.” 
It can be shown that in that case 7=1/3 
(see fn. 3): 


_IV. Further Observations and Welfare 
Implications 


Comparative statics in the immobile case 
is complicated, depending on whether or not 
we start to the left of R*, and on the direc- 


* 
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tion of the change. To the left of E$, changes 
in fixed costs k, or in populatioa, will (un- 
like in the portable case) not affect price, 
but (as in the portable case) increases in 
marginal cost c or transport cost ¢ will raise 
it. If we are at R}, a rise in k will work 
qualitatively as it does in the portable case, 
but a decline will not. Changes in c and ¢ 
will be similar to the portable case. Hence, 
comparative statics results of the two mod- 
els are broadly similar. 

Of some interest in models like these is 
the effect of the system on resource alloca- 
tion. In our model, this problem has only 
one dimension. Do we minimize average 
costs? 

Total transportation costs are given by 


TTC =tR? 
and production costs are 
TPC=k+2Re 


Then average total costs are 


k I 
aR tate 


ATC= 
The optimal radius given by minimizing 
ATC is 


k\} /2 
R? = (=) >R > Ri, 
. In both models there are too many firms, 
leading to suboptimal resource allocation. 

In the immobile case, the radius can be 
anywhere from zero to R¥. Suppose, how- 
ever, that the basic parameters c, k, t, etc. 
have been constant. Let equilib-ium be the 
result of a process which began with excess 
profit and a radius greater than R$. Then 
the actual radius might be chose to Rj, 
which is closer to R° than is R¥,. Thus, the 
seemingly inferior situation where entry is 
blocked because of immobile zapital may 
be closer to optimal than the case where 
resources are free to move. 

One interesting question to ask is whether 
the above market failure is a result of the 
incorrect expectations of new entrants; that 
is, would correct foresight with respect to 
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postentry market radius and price result in 
an optimal allocation? 

Suppose entrants believe that if they enter 
at a midpoint between firms, other entrants 
will fill in all other midpoints. Then every 
market will be cut in half. In this situation 
entry will only be profitable if the pre-entry 
radii are more than twice the break-even 
radius R%4,. Equilibrium is sustainable for 
O<R<2Rt,. 

Since we have 


1/2 
Re=(=)" =2Ry 


Therefore if the system starts from a point 
to the right of 2R% at 4R%4,, the next round 
of entry will bring the system to 2R*,=R°, 
the optimal radius. Any other starting point 
will result in a suboptimal allocation. Thus’ 
with the above foresight there is a chance 
that the allocation will be optimal if initial 
conditions are fortuitous. In general there is 
still an efficiency loss. The interesting “sec- 
ond best” aspect of the model is retained: 
Spatial competition is inefficient because there 
are too many firms; but having a barrier to 
entry in the form of large adjustment costs 
may improve efficiency. 

A further case of interest is that where 
fixed capital is portable but infinitely dura- 
ble and not shiftable to other industries. In 
such a model we cannot have excess profit 
equilibrium, but we can have negative profit 
equilibrium. In Figure 1 equilibrium can be 
anywhere along the segment cD. Only if the 
capital depreciates rapidly, can we have the 
unique zero profit equilibrium.® 


V. Conclusions 
This paper analyzes several location mod- 


els and tries to show that the positive prof- 
its/multiple equilibria result is plausible. 


This case was pointed out to us by Eaton. 
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Indivisibilities, capital mobility, and capital 
durability play a central role in the models. 
Indivisibilities alone will cause positive prof- 
its if the market is finite in size and small 
relative to the break-even size of the firm. In 
the more typical case where the total market 
is large relative to firm size, indivisibilities 
are necessary but not sufficient. Some de- 
gree of capital immobility and durability is 
required as well. Finally, while long-run 
equilibrium can be expected to be “ineffi- 
cient,” the pure profit equilibrium may en- 
tail higher welfare levels than zero profit 
equilibrium. 
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Harold Hotelling and Marginal Cost Pricing 


By EUGENE SILBERBERG* 


Perhaps the classic theorem of taxation in 
relation to welfare economics is the proposi- 
tion that if all commodities are taxable, then 
an “income” (lump sum) tax will leave con- 
sumers on a higher indifference level than a 
system of excise taxes which yield prices 
that are not proportional to marginal costs. 
The proof of this proposition is attributed to 
Harold Hotelling’s paper, “The General 
Welfare in Relation to Problems of Taxa- 
tion and of Railway and Utility Rates.” 
Paul Samuelson cites Hotelling’s paper as 
the piéce de résistance of Hotelling’s work 
in economics,’ Although the principle of 
marginal cost pricing appears in earlier 
works (dating back at least to Jules Dupuit), 
Hotelling, according to Samuelson, “was the 
first to generalize the argument from a 
Marshallian partial equilibrium analysis of a 
single market to the rigorous analysis of 
interrelated goods” (p. 24). 

The theorem is, of course, subject to cer- 
tain well-known qualifications, some of 
which were pointed out by Hotelling him- 
self. It is difficult to imagine truly nondis- 
torting, lump sum taxes. Taxes on income 
distort the labor leisure choice. Also, what 
are commonly called “income taxes” are in 
fact complicated rules taxing income from 
different sources differently, and in the case 
of taxing interest on savings, a tax on future 
consumption at higher rates than present 
consumption. 

The purpose of this note is to demonstrate 
that, completely aside from the above 
qualifications and the other merits of his 
paper, Hotelling did not prove the above 
stated theorem. Hotelling’s mathematics is 
in fact a simple argument about revealed 


*Professor, University of Washington. I have ben- 
efited from discussions with Yoram Barzel and Robert 
Halvorsen, and remarks by an anonymous referee. . 

Interestingly enough, Samuelson chose to substitute 
his own proof of the theorem, rather than reproduce 
Hotelling’s argument. 
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preferences. It was an error of logic on 
Hotelling’s part to apply the revealed prefer- 
ence analysis to the marginal cost pricing 
theorem. 

The theorem was also discussed by Mil- 
ton Friedman who correctly criticized the 
“proofs” offered by M. F. W. Joseph and 
others as having committed a fatal error in 
logic. Noting that Joseph’s proof in no way 
involved having: prices equal to marginal 
cost originally, the result hed to be indepen- 
dent of whether or not prices before taxes 
were set at marginal cost. Friedman cau- 
tions that arriving at a correct conclusion 
does not render a proof logically valid. 
Hotelling’s proof, however, was said to be 
valid, precisely because Hotelling “takes 
account of conditions of cost of production” 
(pp. 101-02). | 

Following Samuelson, the theorem fol- 
lows simply from maximizing a utility 
function U(q,,...,q,) of all commodities 
G1>---»d,, Subject to a production transfor- 
mation function g(q),..-,4,)=0. Taking the 
first partials of the Lagrangean L=U+Ag 
yields the conditions, 


U,/U,=3,/2, 


Thus, at the utility maximum, consumers’ 
marginal evaluations of ach good must 
equal the respective marginal cost of that 
good, expressed in terms of some numeraire 
commodity. Assuming that all commodities 
are taxable, any system of zaxes which leaves 
P;/pj#MC,/MC, where p;=price (to con- 
sumers) of good i is necessarily not a Pareto 
optimum. If some item in the economy is 
fixed in supply, then taxing that commodity 
leaves the consumption bundle unchanged 
and the proceeds can be used to finance the 
distribution of some public good at p,= MC, 
=0. Thus, “lump sum” taxation is superior, 
in the Pareto sense, to nenproportional ex- 
cise taxation.” 


i, j=1,... n 


?With no savings, a tax structure which raises all 
prices by the same proportion (no: necessarily the same 
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Hotelling, however, did not present this 
line of argument. His argument for p,= MC, 
is based on verbal discussion and diagrams 
in a partial equilibrium context. He then 
proceeds to a mathematical discussion that, 
as is shown below, is quite irrelevant to the 
issue under discussion. For ease of compari- 
son, I will number the equations as they are 
numbered in Hotelling’s paper. 


I. Hotelling’s Proof 


Hotelling begins his argument by assum- 
ing initially, p=MC;, i=1,...,; ie, that 
all prices are set at the marginal costs of 
production. The symbol m represents in- 
come after payment of some lump sum in- 
come tax, resulting in the budget condition 


(4) > pq =m 


The q; chosen are assumed to be those that 
maximize some utility function ®(q,,...,q,) 
subject to (4). Therefore, if any other q,, say 
4; =q;+ 8q; are chosen, then necessarily the 
consumer is at a less preferred position. 
That is, 


(5) > pq; =m 
implies 
(7) (qi... 2p) > BCG, +++ Gh) 


However, (4) and (5) together imply 


(6) > p;8q;=9 


That (6) implies (7) is nothing other than 
the definition of revealed preference, as was 
being developed by Samuelson concurrently 
with Hotelling’s article. It is the revealed 
preference idea which leads Hotelling, incor- 
_ rectly, to his conclusion: Let ép,=p; —p, rep- 
resent the excise tax (or subsidy) on com- 


tax rate on all commodities) is equivalent to an income 
tax. If the supply of income, for example, labor, is in 
perfectly inelastic supply, then this proportional taxa- 
tion on the remaining commodities is in effect a lump 
sum tax. 


SILBERBERG: MARGINAL COST PRICING 1055 


modity i resulting in the purchases q; =q;+ 
5q;. Let ðm=m —m represent the reduction 
in income taxes available due to the imposi- 
tion of the excise taxes. 

The individual’s budget constraint is now 
2 Pig; =m’, or | 


(10) 3 (p,+8p,)(4q,+5¢,)=m+8m 


Subtracting equation (4) yields 


>, P89; + > òp; (q; +8q;)= 8m 


or 


(11) © p6q;=8m— > ôp;(q;+8q;) 


It follows from equation (11), and the re- 
vealed preference argument above ((6) im- 
plies (7)), that if the income tax revenue 8m 
equals the excise tax revenue 26p,(q; +8q;) _ 
that the consumer is necessarily worse off 
by the replacement of the income tax by 
excise taxes which change relative prices.° 
Hotelling concluded from this algebra that 


...if we start from a system of excise 
taxes, or any system in which sales are 
not at marginal costs, this argument 
shows that- there is a possible distribu- 
tion of personal income taxes such that 
everyone will be better satisfied to 
change to the system of income taxes 
with sales at marginal cost. 
[p. 292, emphasis added] 


But how can this be a valid conclusion from 
the above analysis? Equations (4)—(11) are 
an argument about revealed preferences. The 
condition p;= MC, is nowhere used. Indeed, 
if one assumed that initially p;=MC;, and 
that the dp, were chosen so as to make 
p;=p;+dp,;=MC,, the same logic would 
hold, “proving” that the consumer is worse 
off at qj, where prices now equal MC! 

In words, what Hotelling did, starting with 
his equations (4) and (5), was to begin with 


3From revealed preference considerations, the result 
follows if the income tax revenue is less than or equal 
to the excise tax revenue. 
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a consumer who has achieved a point of 
maximum. utility subject to a budget con- 
straint. He then moves the consumer to some 
other point on the budget hyperplane, 
through changes in excise and income taxes. 
This point is necessarily less preferred than 
the original choice: If a consumer chooses 
one point on a budget constraint as his 
utility maximum, then any other point 
(ignoring multiple equilibria) on that con- 
straint must be less preferred. The condition 
p;=MC,, i=1,...,n is irrelevant to this 
` argument. 

Hotelling arrived at his conclusion on 
taxation by appending to the above argu- 
ment, that, if initially p,=MC, for every 
commodity, then a system of distortions will 
lead to a less preferred position. But this 
surely does not prove that maximum utility 
subject to a resource constraint must occur 
at p»=MC,, i=1,...,n. The resource con- 
straint, the production transformation. sur- 
face, is nowhere used in Hotelling’s equa- 
tions. Hotelling just showed that if the util- 
ity maximum occurred at p,=MC,, i= 
l,..., n, then since a system of compensated 
distortions would lead the consumer away 
from that point, those distortions would lead 
to a less preferred point. But this proposi- 
tion is very far indeed from the important 
theorem Hotelling correctly conjectured. 

Hotelling restates his “fundamental theo- 
rem” as: 


if a person must pay a certain sum of 
money in taxes, his satisfaction will be 
greater if the levy is made directly on 
him as a fixed amount than if it is made 
through a system of excise taxes which 
he can to some extent avoid by rearrang- 
ing his production and consumption. 

[p. 293] 


This statement of the “theorem” would be 
correct if the term “excise taxes” were to 
mean any change in the original (no tax) 
relative prices faced by the consumer. How- 
ever, if the original prices did not equal 
marginal cost for reasons of, say, monopoly, 
the same conclusion would held, that is, 
consumers would prefer to have a given tax 
revenue extracted from them via an income 
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tax rather than a system cf nonproportional 
taxes on the commodities themselves. But 
this would not in general be a Pareto- 
superior move for the economy; excise taxes 
on the nonmonopolistically produced com- 
modities would be required, as was pointed 
out by Friedman.* 


II. Concluding Remarks 


Hotelling in fact made the same error in 
logic as did the other writers cited by Fried- 
man. The fact that if at the first bundle (the 
utility maximum) prices equal marginal cost, 
then a correct conclusicn emerges about 
excise taxation which does not render the 
implied syllogism valid. It is not, in fact, a 
valid syllogism. It is impossible to derive 
from a revealed preference argument a con- 
clusion about the efficiency of marginal cost 
pricing. If, initially, p,>~/MC,, it would still 
follow via Hotelling’s reasoning that the sec- 
ond bundle was less preferred than the 
original, since the original bundle was the 
utility maximum and bota points lie on the 
same budget constraint. But the second 
bundle could be any bundle at all (on the 
same budget constraint), including the point 
where p,= MC, for all commodities. Hotell- 
ing’s syllogism would then lead to a false 
conclusion; therefore, it is an invalid syllo- 
gism. Hotelling’s paper of course remains a 
landmark, a seminal work in the theory of 
public goods and taxation. The issues raised 
in that paper are still under discussion, and 
the general problem of “cptimal”’ taxation is 
as yet incompletely resolved. Perhaps it was 
the overall impact of the paper which ob- 
scured an avoidable error in logic over the 
past forty years. 


4It is not possible to infer from any of the above that 
if “excise” taxes are already teing levied, then con- 
sumers would prefer that any additional tax revenue be 
collected by income rather then excise taxes. Excise 
taxes that restored proportionality to the original rela- 
tive prices would be preferred. 
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Uncertain Externalities, Liability Rules, and 
Resource Allocation: Comment 


By VAROUJ A. AIVAZIAN AND JEFFREY L. CALLEN* 


In a recent article in this Review, Peter 
Greenwood and Charles Ingene (hereafter 
G-I) deny the validity of the Coase Theorem 
when applied to an uncertain world that 
contains no stock market. Recall that the 
theorem maintains that resource allocation 
is neutral with respect to liability rules. The 
gist of their argument follows. Suppose firm 
A, whose profits are deterministic,! is legally 
permitted to pollute firm B, whose profits 
are stochastic. Since there are no transaction 
costs by assumption, firm B has the incen- 
tive to bribe firm A to reduce its polluting 
activities. Because firm B is liable for the 
damages, which are stochastic ex ante, the 
bribe will reflect firm B’s degree of risk 
aversion. If, on the other hand, firm A must 
legally recompense firm B for the damages, 
firm A will bribe firm B to reduce its opera- 
tions and, consequently, lessen the damages. 
Since firm A is legally bound to insure the 
damages, in this case the bribe will reflect 
firm A’s degree of risk aversion. In the 
absence of a stock market which reconciles 
differential risk preferences, liability rules 
will have an asymmetrical impact on re- 
source allocation. Therefore, in the presence 
of risk and the absence of transactions costs 
and a stock market for risk sharing, resource 
allocation is dependent on liability rules. 

We will show that the G-I argument has 
little merit in a world of zero transaction 
costs. Just as the lack of a market for the 
externality does not preclude exchange (or 
bribery) in the standard Coase scenario, the 
absence of a stock market does not preclude 
risk sharing in an uncertain world. We will 
illustrate the G-I argument and our counter- 
argument by an example. 


*Faculty of Business, McMaster University. We wish 
to thank an anonymous referee for correcting an error 
in our numerical example. 

This assumption is made for simplicity of exposi- 
tion. Clearly, both firms’ profits could be stochastic. 
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Suppose firm A, the polluter, can produce 
one more unit of. output at a marginal profit 
of $50. The additional output has a negative 
impact on firm B’s profits. Let us first sup- 
pose that the damages are $60 certain. Thus, 
if firm A is liable for the damages, the 
marginal unit is not produced. If firm B is 
liable, it bribes firm A and again the output 
is not produced. If the damages are only $40 
certain, a similar argument would show that, 
independent of the liability rule, the mar- 
ginal unit is produced. Both cases illustrate 
the Coase Theorem at work. 

Now, suppose the damages are uncertain, 
that is, distributed according to some known 
probability distribution. Firm B evaluates 
the potential damages at $75 in certainty- 
equivalent terms. Firm A is less risk averse 
and evaluates the damages at $40 in cer- 
tainty-equivalent terms. Greenwood and 
Ingene would argue as follows. If firm A is 
not liable, firm B will try to bribe firm A. 
The minimum bribe firm A will accept is 
$50 and the maximum bribe firm B will 
offer is $75. Clearly, there are gains from 
trade and the marginal urit is not produced. 
If firm A is liable, the damages are valued at 
$40, marginal profit is $50, and the unit is 
produced. It would appear that the differen- 
tial risk preferences vitiates the Coase Theo- 
rem. 

We are able to counter the G-I argument 
by noting that firm A has the additional 
(and profitable) option to assume the liabil- 
ity when firm B is liable. In other words, 
firm A will write a (costless) contract to 
insure firm B against the damages for a 
mutually satisfactory fee of between $40 
and $75. In fact, a bargaining solution which 
does not lead to an insurance contract is 
generally (Pareto) suboptimal. To see this, 
suppose that, in the absence of such a con- 
tract, firm B would have bribed firm A by 
the maximum $75 so that the marginal unit 
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would not be produced. But if firm A in- 
sures firm B for $70 and produces the 
marginal unit, then firm A would gain $80: 
$50 in marginal profits plus the $70 in- 
surance fee minus $40 for damages. Firm B 
also benefits by losing only $70 instead of 
$75. If, on the other hand, firm A would 
have accepted the minimum bribe of $50, 
both firms could be made better off if the 
insurance fee is $45. Firm A would gain $55 
and firm B would forfeit $45 instead of $50. 
Therefore, independent of the liability rule, 
the marginal unit is produced and the Coase 
Theorem holds. 7 

Although we assumed above that firm B 
is more risk averse than firm A, a similar 
argument would prevail if firm A is more 
risk averse than firm B. Suppose that firm 
A evaluates the damages at $75 and firm 
B at $40 in certainty-equivalent terms. 
Greenwood and Ingene would argue that, if 
firm B is liable, the marginal unit is pro- 
duced since firm B is unwilling to bribe 
more than $40. If firm B is not liable, firm A 
will not produce the unit since the damages 
are evaluated at $75 while marginal profits 
are only $50. The Coase Theorem does not 
appear to hold. However, if firm B insures 
firm A for a fee of between $40 and $50, 
both firms can be made better off. Again, 
independent of the liability rule, the unit is 
produced. 

Greenwood and Ingene also maintain 
that, even if there is a stock market, the 
Coase Theorem is not valid in the presence 
of indivisibilities: “An autonomous manager 
who receives a significant segment of his 
income from the firm will obey his own, 
not the market’s, risk measure. Similarly, if 
*,..some shareholder [holds] a large block of 
stock...’ the firm should use his, not the 
market’s, risk measure” (p. 303). Although 
the G-I arguments are compelling, the logic 
is faulty. If, in fact, all transactions are 
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costless, so is monitoring the activities of the 
so-called autonomous manager. Therefore, 
even if his risk preferences (or preferences 
for perquisites) differ from that of his 
shareholders, the manager would be unable 
to effect his ambitions. In a transaction- 
costless world, the autonomous manager is a 
contradiction in terms. 

A similar criticism applies to the domi- 
nant shareholder notion. In a world of zero 
transactions costs, contracts will be written 
for every contingency and state of nature so 
that markets will be complete. In such a 
world, a well-known unanimity theorem ob- 
tains, namely, that all shareholders will be 
unanimous about the firm’s investment or 
production decisions.* Therefore, even if 
there is a dominant shareholder, his prefer- 
ences and those of the other shareholders 
will coincide. Similarly, if two firms merge, 
the preferences of both sets of shareholders 
will coincide so that resource allocation is 
independent of who controls the corpora- 
tion. , 

The upshot of our criticism of the G-I 
article is that the Coase Theorem is far more 
robust than they think, primarily because of 
the powerful assumption of zero transac- 
tions costs. 


2See, for example, Steinar Ekern and Robert Wil- 
son. 
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Uncertain Externalities, Liability Rules, and 
Resource Allocation: Reply 


By PETER H. GREENWOOD AND CHARLES A. INGENE* 


In our paper in this Review, we argued 
that the presence of uncertain externalities 
might cause the legal assignment of liability 
to affect the allocation of resources, We 
concluded that in an uncertain environment 
the Coase Theorem is valid only under a 
more stringent set of assumptions than are 
necessary for it to hold in a certain world. 
In their comment, Varouj Aivazian and 
Jeffrey Callen (hereafter A-C) raise a pair of 
interesting and important questions con- 
cerning the legitimacy of our assertions. 
First, they argue that there exists the possi- 
bility of risk sharing between the affected 
firms. Second, they question the potential 
for differential risk attitudes when transac- 
tion costs are zero. We ultimately reject the 
A-C implications, but only after refining our 
own analysis somewhat. Hence, their com- 
ments must be regarded as meritorious. 

We consider only the case of legally per- 
missible pollution; an analogous analysis 
holds when pollution is impermissible. Re- 
call that in this situation the pclluter, firm 
A, is bribed by firm B to reduce A’s output. 
Firm A’s supply function in the bribery 

- market is I[,=P and firm B’s demand 
function is P=(1/2)reg—7a. (IL and v are 
profits, 7 and v the mean and variance of 7, 
Q and q are outputs, P and p are per unit 
bribery prices for output reduction, and R 
and r are risk attitudes. Subscripts denote 
partial derivatives. All variables referring to 
firm A are uppercase, those referring to B 
are lowercase.) The bribery market 1s de- 
picted graphically in Figure 1. 


I. Risk Sharing 


Aivazian and Callen misinterpret the ex- 
tent of our bribery market. Gains from trade 


*University of New Hampshire and University of 
Texas-Dallas, respectively. 
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are exhausted only at point E where Iip= 
P*=(1/2)rug—T. Gains from trade ‘are 
not exhausted at the (O- QO) levél—their 

P,=$75, Ip=$50(= = P,). In bribery market 
equilibrium; the certain marginal profit fore- 
gone by firm A is equal to the “certainty- 
equivalent” value to firm B. However, A-C 
make the nice observation that the point E 
is generally Pareto suboptimal because firms 
A and B may trade risk in yet another 
private market. They overstate their case, 
however, by appearing to suggest that well- 
defined risk attitudes determine the direc- 
tion of privately negotiated payments. In 
fact, as Coase originally argued, legal liabil- 
ity determines the direction of payments in 
the bribery market. As we demonstrate be- 
low, payment directionality in the risk- 
sharing market is dually determined by lia- 
bility rules and the comparative levels of the 
absolute value of risk attitudes. 

In our original Appendix B, we dealt with 
the private trading of risk. In light of A-C’s 
comments, that treatmen: was too cursory. 
We now expand it. With private bribery and 
risk-sharing markets, firm B’s profit is 


(1)  =(Q,4)—-P(Ô-Q)+p(â-4) 
+ 5[ (Q, q4)—-7T(Q, 7) | —b(1 — ô) 


and A’s profit is 
(2)  (Q)+P(6-2)—p(4-q) 


+(1-8)[ 7(Q@, ¢)—7(Q, 7) ] +b(1—8) 


In (1) and (2), ô is the share of the deviation 
of B’s profit from its expected value that B 
retains; (1—8) is the share that A obtains. 
The per unit price of a share of B’s profit 
deviation is b. If b>0, B pays A to share the 
risk. If b<0, A pays B for the privilege of 
sharing B’s risk. Because A shares B’s risk, 
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A may bribe B to effect a change in B’s 
output from ĝ, the unbribed level. This is 
represented by the p(ĝ—q) term. 

Both firms maximize their expected utility 
from profits. The first-order conditions with 
respect to the choice-theoretic variables 
(Q, q, 8) are given by our original (A7) and 
(A9). However, their right-hand sides should 
be multiplied by one-half as should the 
right-hand side of (A10). Of particular inter- 
est are the solutions for the optimal per 
share payment 5* and the optimal share 6*: 


(3) b* =rRo/(r+R) 
(4) §*=R/(r+R) 


Provided both firms are risk averters (R, 
r>0), b* is positive and 5* lies in the posi- 
tive unit interval. Firm B pays A to accept a 
share of its uncertain profit. When both 
firms are risk preferrers (r, R<0), b* is 
negative although 6* lies in the positive unit 
interval. Firm A pays B in order to obtain a 
share of B’s profit deviation. Contrary to 
A-C’s expectations, we see that risk is shared, 
not totally accepted by one firm. The direc- 
tion of payment for this risk sharing is de- 
termined by legal liability, flowing from the 
liable to the nonliable party. However, the 
payment flow is reversed for dual risk pref- 
erence. 
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When one firm is risk averse and the 
other a risk preferrer, we obtain a broader 
range of results. We first examine r>0> R. 
When A is, relatively speaking, a strong risk 
preferrer (| R|>r), 6*>0, b* >0. This is not 
substantively different from both firms being 
risk averters unless | R| is very much greater 
than r. Then 6*>1, b*>0. Firm B is paid! 
by A to accept more than 100 percent of its 
own profit deviation. In effect, B is being 
paid to gamble that the state of nature will 
be favorable to its actual profits v. Of course, 
firm A is betting that the state of nature will 
be sufficiently unfavorable to compensate it 
for the cost of taking such a risk-preferring 
position. 

When |Ri<r, 6*<0, b*<0. Firm B is 
paid to accept the gamble that the state of 
nature will be adverse to its profits 7. Firm 
A bets on the opposite position that B’s 
profits will exceed their mean value. Thus, 
we see that risk may be more than totally 
shifted and that the direction of payment is 
dependent upon the relative degrees of risk 
preference /risk aversion. 

When R>O>r, the preceding results are 
partially reversed. For R>|r|, 6* >0, b* <0. 
When R is very much greater than |r|, 6* > 1, 
b* <0. Finally, when R<|r|, <0, b*>0. 
The sign of b* is uniformly reversed from 
the preceding case. 

When firm A is risk neutral, b* =0, 6* =0. 
Firm A accepts all the risk at no cost to B! 
When firm B is risk neutral, 6*=1, b* =0; 
there is no risk-sharing market. (When r=0 
= R there is no risk market, 6*=1.) When 
risk could be shared but is not (when risk is 
completely shifted), it must be the case that 
the legally liable firm (the legally nonliable 
firm) is risk neutral. Of course, risk neutral- 
ity guarantees that the Coase Theorem ob- 
tains unambiguously. It follows that our 
original Appendix B should have been in- 
corporated into the body of our paper. With 
such an incorporation our qualitative results 
would hold, although the quantitative re- 
sults would be characterized by equations 
such as (A10), its right-hand side divided by 
two. 


1 b*(1—8°)>0. 
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II. Transaction Costs 


We have argued that the adjusted solu- 
tions (A10) characterize the final equilibrium 
when firms A and B may bargain costlessly 
but when other parties may not enter the 
negotiating process. Further, the wealth 
levels at which R and r are evaluated differ 
according to the allocation .of legal liability. 
This brings us to A-C’s second point, the 
meaning of zero transactions cosis. 

When transactions are “globally” costless, 
there is no question that there will arise 
“...a ‘complete’ set of markets for state 
contingent claims” (Steinar Ekern and 
Robert Wilson, p. 172). In suca a world, 
uncertainty is effectively insured away and 
the standard certainty results abtain. The 
Coase Theorem is no exception to this rule. 
We should have made this point clear. 

When transactions are “semiglobally” 
costless, there may exist incomplete markets 
for claims. The stock market is an example. 
Risks are shared through the trading of 
securities. Managers take their rsk attitude 
from the marketplace; indeed, all share- 
holders have the same marginal rate of sub- 
stitution. There are a host of assumptions 
which must hold for the nice properties of 
incomplete markets to obtain. While this is 
not the place to delve into all tae assump- 
tions, it is worth pointing out that “[w]hen a 
market does not exist in which the certainty- 
equivalent can be established, the standard 
results will not in general obtain” (David 
Baron and Robert Forsythe, p. 573). The 
Arrow-Lind statements which we cited are 
two such situations. 

An autonomous manager can exist when 
shareholders can gather only imperfect in- 
formation about his actions, but perfect in- 
formation about the ultimate outcome (the 
profit) of those actions. The probability of 
the manager retaining his position may be 
dependent on ultimate outcomes, not on the 
actions themselves. Then concern with fu- 
ture as well as current income may cause an 
autonomous manager to impose his own 
risk attitude upon the firm. Imperfect in- 
formation may allow the manager io be 
successful in this endeavor. 
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Similarly, a dominant shareholder may 
possess a utility function which incorporates 
control as well as profits. Since other 
shareholders include only profits (or net in- 
come) in their indirect utility functions, there 
exists no market for establishing a unan- 
imous agreement on the control/profit 
tradeoff. When the dominant shareholder 
controls over half the stock, there does not 
appear to be a possibility for him to be 
bought out by the other stockholders: the 
opportunity cost of “selling out” has already 
been discounted. Indivisibilities can block 
the standard results of incomplete markets. 


II. Conclusion 


The original Coase Theorem was devised 
for a world of certainty. It is based upon the 
twin premises of well-defined legal liabilities 
and “locally” zero transactions costs. Then 
the affected parties may bargain amongst 
themselves. We have again shown that these 
are insufficient premises under uncertainty. 
For the Coase Theorem to obtain in an 
uncertain world, it is necessary that legal 
liability be assigned and that there be lo- 
cally zero transaction costs so that the in- 
volved parties may adjust their output levels 
and may share risk. But, it is also necessary 
that risk attitudes be independent of wealth 
or profit levels. This requires, at a minimum, 
semiglobally zero transactions costs so that 
a stock market may arise. In addition to the 
standard assumptions underlying incom- 
plete markets, we require that there be full 
information with respect to managerial ac- 
tions as well as the resul:s of those actions. 
Alternatively, we require that shareholders 
be exclusively concerned with wealth. Of 
course, with “globally” zero transaction 


‘costs, the Coase Theorem holds unambigu- 


ously in an uncertain wozld. 
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Minimum and Maximum Prices, Uncertainty, 
and the Theory of the Competitive Firm 


By Louis EECKHOUDT AND PIERRE HANSEN* 


Analysis of production decisions by a 
competitive firm under price uncertainty was 
published in two nearly simultaneous articles 
by David Baron (1970) and Agnar Sandmo. 
It has been extended by Baron (1971) and 
Hayne Leland to the case of imperfect com- 
petition: A central problem raised in these 
articles deals with a comparison between the 
output levels chosen by the firm when it is 
shifted from certainty to uncertainty. This 
has been called by some authors a “global 
increase” in uncertainty (see Jacques Dréze 
and Franco Modigliani). 

The problem of a “marginal increase” in 
uncertainty is more difficult to handle. 
Sandmo, analyzing the case of perfect com- 
petition, defined this change as a mean- 
preserving increase in the variance of the 
random price, but he could not determine 
the sign of the reaction of output. Recently, 
Yasunori Ishii and Donald Coes have been 
able to show that nonincreasing absolute 
risk aversion is a sufficient condition for 
output to react negatively to a marginal 
increase 1n uncertainty. 

In this paper, we propose an alternative 
definition of a marginal change in uncer- 
tainty. Its main advantage is to be more in 
line with real economic phenomena: the ex- 
istence of guaranteed minimum and/or 
imposed maximum prices. The central result 
of the paper is obtained under the assump- 
tion of risk aversion, which is, of course, less 
restrictive than that of nonincreasing abso- 
lute risk aversion. 

In the first section, we present the nota- 
tion and discuss the effect on the output 


*Professors of economics and of operations re- 


search, respectively, Institut d’Economie Scientifique et _ 


de Gestion (France) and the Faculté Universitaire 
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decision of minimum or maximum prices 
considered separately. Of course, when a 
minimum price is not appropriately “com- 
pensated for” by a maximum price, one 
cannot speak of a mean-preserving change 
in uncertainty, but the analysis of this ques- 
tion clarifies the methodology used in the 
following section. The second section con- 
tains the central result of the paper. We 
bring minimum and maximum prices to- 
gether in such a way that a mean-preserving 
marginal increase in uncertainty is obtained 
and we derive its implications for produc- 
tion decisions. We also show that our ap- 
proach leads to an alternative proof of one 
of Sandmo’s central results. Finally, we ex- 
tend the results to a situation where the 
expected utility for the firm (and not the 
expected price) is kept constant. 


J. Minimum or Maximum Prices 


Throughout the paper, we use Sandmo’s 
notation: U stands for total utility and 
its first- and second-order derivatives are 
denoted by U’ and U”; w=px—c(x)—-B 
denotes the random profits where x is the 
output, c(x) the total variable costs, B the 
fixed costs, and p the random price; F(p) is 
the subjective cumulative distribution of P. 
The density is written f(p). It is non-null in 
the interval [a, b]. As usual, we assume that 
U’ is everywhere strictly positive and U” 
nonpositive. Marginal costs (c’(x)) are posi- 
tive but may be increasing or decreasing. 

If the firm attempts to maximize the 
expected utility of profits, its problem can 
be written 


(1) 
Max E[ U] = f " U(px—c(x) —B)dF(p) 


and the usual first-order condition is ob- 
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tained: 
o Au. [Ue e)ar(p)=0 


We also assume from now on that the sec- 
ond-order condition is satisfied everywhere, 
in order to rule out local optima. 

In this setting, we introduce a government 
agency which guarantees a minimum price 
for the output. If the firm thought that prices 
lower than the minimum one (p,,) were 
possible, it would revise its subjective dens- 
ity f(p). Indeed, f(p) now takes a zero 
value in the half-open interval [a, p,,]. At 
P=Pm, We associate a probability equal to 
F(p,,), and for values of p strictly greater 
than p,,, the original density and the new 
one coincide, ; 

_ After the change in density, the problem 
of the firm becomes 


(3) Max Z= Ul Pmx —¢(x)—-B| F(p,,) 


+ [UL p-x—e(x)—B] arp) 


which gives the following first-order condi- 
tion 


(4) 


Z =L(xX, Pm) = Up, [ Pm (x) | F( Pr) 


+ [-U-[p—e(x)]aF(p)=0 


- where the function L reminds us of the fact 
that dZ/dx depends on two arguments and 
where the subscript p,, behind U’ indicates 
that the derivative is evaluated at the profit 
level corresponding to a sure price p,,. 

We first observe from (4) that the optimal 
value of x, denoted x*, must be such that 


(5) Pm<e'(x*) 


Indeed, if this were not the case, one would 


EECKHOUDT AND HANSEN: PRICES AND UNCERTAINTY 1065 


have dZ/dx>0 and the first-order condi- 
tion (4) would not be satisfied 

Then, to study the sign of dx/dp,,, 
notice that at the optimum (dL/ see 
(OL /dp,,)4p,,=9. As 0L/dx is negative by 
the second-order condition, we may write 


elpe) lan) 

N dom) N OP 

We thus evaluate 0L/dp,, and get, after 
obvious cancellations and division by F( Pn) 


1 OL 
(6) F( Pm) Pr 





= Uf -x*-[ Bm —e'(x*)] + Uf, 


If we refer to (5) and to the assumptions 
made about U’ and U”, it is obvious that 
dL/dp,, is positive and thus, as expected, an 
increase in p,, stimulates production. It is 
interesting to observe that the increase in 
output after the imposition of p,, results 
from the combination of two factors: an 
upward shift in the location of the price 
density and the reduction in its spread. 
Indeed, if the firm were risk neutral, the’ 
first term in (6) would be zero. Thus U; 
stands for the positive location effect. 
other term in (6) then accounts of course for 
the spread effect and it is positive since an 
increase of p,, reduces the variability of the 
price distribution.! 

If we turn now to a system of maximum 
prices (p,,), we observe that at the optimum 
c’(x*)<p,, and the same kind of analysis as 
used above yields 


ax* 
7 ax* \. 
m) sen( F) 
= sgn( U -x*- [ pu~ c'(x*)] + U) 


When py is increased, the spread effect 


1We owe special thanks to the referee for pointing 
out this nice interpretation of (6), as well as that of 
equation (7). 
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works against the location effect? and this 
accounts for the ambiguity of the sign of 
dx* /dpy,. It is probably worth mentioning, 
however, that after an SEP PEE transfor- 
mation (division by Um) the sign of 
dx*jd pM is shown to depend upon the de- 
gree of ‘ ‘partial risk aversion” exhibited by 
the utility function. 


I. A New Definition of a “Marginal Increase 
in Uncertainty” and its Implications 


As mentioned earlier, Coes anc Ishii have 
recently been able to show that decreasing 
absolute risk aversion is a sufficient condi- 
tion for a “mean-preserving increase in risk” 
as defined by Sandmo, to reduce the out- 
put level chosen by a competitive firm. 
The change in uncertainty considered by 
Sandmo corresponds to a “stretching of the 
probability distribution around a constant 
mean.” More precisely, the new random 
variable p’ is defined by 


(8) P’ 


where changes in y and @ from. y=1 and 
, 9=0 are such that d0/dy= — E(p) to make 
sure that E( p’)=E(p). 

The notion of a “stretching” of the proba- 
bility distribution has some intuitive appeal, 
but it is hard to think of exogenous factors 


=yp+6 


*Indeed, it can be shown that an increase in py 
increases the variance of p. 
3Indeed, partial risk aversion (P) is defined by 


_ U"(W+1) 
U'(W+t) 


where t and W have the dimension of money. If one 
writes 
W+t=pyyx*—c(x*)—B 


and 
t= pay x*—~-x*e'(x*) 


and, if one divides the right-hand side of (7) by Uj yy, it 
is easily seen that a decrease in p,, stimulates output 
when P is evaluated at ¢, and W+t is greater than unity 
in absolute value. 
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which would yield this spezific change in the 
subjective expectations of the firm. This is 
the reason we prefer to approach changes in 
risk in terms of minimum and maximum 
prices which are institutional factors mod- 
ifying the price expectations of the firm. Of 
course, we agree that many price support 
programs are financed bv contributions of 
the firm in various forms other than maxi- 
mum prices. However, there are also exam- 
ples of a combination of minimum and 
maximum prices such as the limits for ex- 
change rate fluctuations, or agricultural 
agreements for some types of products at 
the European Economic Community level. 
Thus it may be more realistic to approach 
changes in risk in such terms. Besides, as it 
will become clear later, more general results 
can be obtained from our definition. 

A mean-preserving “price squeeze” 
thrcugh minimum and maximum prices can 
be defined as follows. Lez the original den- 
sity function with expectation E(p) take 
nonzero values in the interval [a, b]. It is 
then possible to find 2 minimum price 
Pal Pm > a) and a maximun one py,(py,<b) 
such that E(p) remains constant. More for- 
mally, p,, and p,, are given by the solution 
of the following equation: 


D f COL = F( Pry Pp 


F f *“ fp) dp + (1— F( Pu))Pu 


This definition turns out to be a special case 
of another definition proposed by Michael 
Rothschild and Joseph Stiglitz. Indeed, 
equation (9) meets the requirements of the 
“integral. condition” they proposed. Our 
equation (9) also leads to the notion of a 
global change in uncertainty which is ob- 
tained by choosing p,, and p,, as equal to 
E(P). 

Notice also that, to discuss “marginal 
changes,” we have to differentiate (9) totally 
with respect to p,, and p,, and, in order to 
keep E( p) constant, we get 


d F( 
(10) Pu FPn) 
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When the firm faces a system of minimum 
and maximum prices, its objective function 
iS written 


(11) MaxH=U[ p,,x—-e(x)— B| FC Pn) 


PET 
bs | 


+ Ul pyx—c(x)—B]-[1-F(py)] - 


and the first-order condition becomes 


dH, | 
(12) Fg TEC Pm Pm) 


Pm €(X) | EC Pm) 


+ f "UE p-c(x)]dFCp) 


+U lpu-e()][1-Flpu)]=0 


Inspection of (12) aoe that at the opti- 
mum 


(13) 


Considering now a change in p,, and P M 
with E( p) constant, we have 


Pm <e'(x*) <Pu 


ðL aL 
(14) Ata PA dp,, TP A, 


‘and thus, given the negative value of 3L/ðx " 








and because of (10), 
dx* 
1 
uu senl dP ) dE(p)=0 
si| 2H ƏL F(Pn) 
ON On Pu 1—F( py) E= 


where dE( 5)=0 reminds us of the fact that 


Pm and py are modified any eee in 
accordance with (10). 
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Evaluating = and =, we finally get 
M 


BL aL | El Pm) 
Pm OP 1—F( py) 
Pm—¢'(x*) | F( Pin) 
~ Up x*[ py (x) ] El Pm) 


FU „EC Pri) = Upu FC Pm) 


Pm 


=U" -x*[ 


The first two terms in this expression are 
positive because of (13). Besides, the con- 
cavity of U implies that U;„ exceeds. U; p SO 
that the difference between the last two 
terms is also positive. We thus obtain the 
central result of the paper. 


PROPOSITION 1: A mean-preserving price 
squeeze through minimum and maximum 


_ prices as defined in (10) leads to an increase in 


output for a risk-averse firm. 


It is worth making a comparison between 
this result and those obtained by Sandmo, 
Coes, and Ishii with the help of their defini- 
tion of a mean-preserving increase in vari- 
ance. In fact, we arrive at the same kind of 
conclusion, but on the basis of a much less 
restrictive assumption: with a price squeeze, 


_ risk aversion is a sufficient condition for a 
‘decrease in risk to stimulate production, 


while in Sandmo’s approach, decréasing risk 
aversion is a sufficient condition to obtain 
the same result. 

_ Our analysis can be viewed as an alterna- 
tive proof of one of Sandmo’s main results. 
Indeed, he has shown that the competitive 
firm would produce more if it faced: a sure 
price equal to E(p) than in the presence of 
a random price with expectation E(j). In 
our model, if we continuously change Pm 
and pyy, we will finally arrive at a sure price 
equal to E(P), and because of Proposition 
1, the output corresponding. to this sure price 
will be higher than any output level chosen 
before. Thus ‘Proposition 1 contains, at the 
limit, Sandmo’s result about a global change 
in uncertainty. 
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The interest of defining changes in risk in 
terms of price’ squeeze also appears from 
another consideration. Peter Diamond and 
Stiglitz have argued convincingly in favor of 
the analysis of what they call “a mèan- 
utility-preserving increase in risk” (rather 
than the usual mean-preserving one). Let us 
now consider in our framework a simulta- 
neous change in p,, and p,, such that the 
optimal level of expected utility remains 
constant. The analysis is very much like the 
one developed above, except that the ratio 
dp ,,/dp,, takes a different value. 

To determine the values of dp,, and dP m 
which leave E[U] constant, we totally dif- 
ferentiate the function H in (11) with respect 
to p,, and py and, if we keep in mind that 
dH /dx equals zero since we are at the opti- 
mum, we get 


(17) Uz -X*F( Dy) Dn 
+U, -x*[1—-F( py) | du"? 


or 
OF °F (Pm) 

UL —-F(py)| 
As could be expected, (18) is very similar 
to (10), except that the probabilities are 
weighted by the marginal utilities of the 
profit level in order to keep E[U] rather 
than E( p) constant. 

The introduction of (18) into equation 


(14) yields, after the same simplifications as 
before, the following proposition: 


dP m 
r a 


PROPOSITION 2: A mean-utility-preserving 
decrease in uncertainty (increase in p,, and 
decrease in p,,) leads to an increase in output 
for a risk-averse firm. 


Again, this result is obtained under a 
plausible assumption: the existence of risk 
aversion. This contrasts with the fact that 
Diamond and Stiglitz have to place rather 
severe restrictions on the shape of U to get 
the same result. However, it must be recalled 
that our price squeeze is a special case of 
their “integral condition” which enables 
them to rank more distributions than does 
our approach. 
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HI. Concluding Remarks 


We have proposed in this paper an alter- 
native definition of a marginal increase in 
uncertainty, and we have applied it to the 
production decisions of a competitive firm. 
This definition calls upon the notions of 
minimum and maximum prices which we 
have combined to define a new type of 
“mean-preserving” decrease in uncertainty. 
Our new definition has led us to the central 
proposition of the paper according to which 
a decrease in uncertainty stimulates the out- 
put of a risk-averse firm. The same result 
holds if the decrease in uncertainty is such 
that the expected utility of the firm (and not 
its expected price) remains constant. It thus 
appears that our definition of a marginal 
change in. uncertainty is rather “robust,” at 
least for this kind or problem. 
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Estimating Demand Elasticities for Public Goods 
from Survey Data 


By BETTY BLECHA GIBSON* 


In earlier issues of this Review, Thomas 
Borcherding and Robert Deacon, and Theo- 
dore Bergstrom and Robert Goodman, use 
similar models derived from collective choice 
theory to estimate demand elasticities for 
public goods. The present note also esti- 
mates demand elasticities for public goods, 
in this case for six categories of expenditures 
by the State of California. But the support- 
ing model differs from the earlier models in 
important respects: 

1. The model uses expressed prefer- 


ences made by consumers in different tax, 


price and income situations in a given pol- 
ity, not the choices of median voters in 
different polities. 

2. A taste variable is included in the 
model, and the heretofore speculative sig- 
nificance of taste differences in demand 
functions for public goods is evaluated. 

3. Problems of observing individual 
preferences for public goods are solved by 
imposing restrictive assumptions on a survey 
research design. l 

The estimated elasticities have appro- 
priate signs and reasonable values. Of 
particular interest are the findings of a 
significant taste variable, and of a low value 
for the income elasticity for “aid to needy 
people.” The results permit me to extend 
and clarify several aspects of the two pre- 
vious studies. For example, the estimates 
are shown to support the contention that 
Borcherding and Deacon’s positive price 
elasticities for highways and higher edu- 
cation are due to an invalid tax price mea- 
sure. Finally, the results show that survey 
research can be used to test public goods 


*Assistant professor of economics, University of San 
Francisco. The research was partially supported by a 
grant from the San Jose State University Foundation. I 
wish to thank Thomas Pogue for suggestions on an 
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demand models that require an interval level 
of measurement. The model itself thus pro- 
vides an important methodological exten- 
sion in an area where research has been 
handicapped by the lack of observable in- 
terval information on individual consumers. 


I. The Model 


To develop the model, it is necessary to 
specify each consumer i’s demand function 
for a state-produced activity z. The follow- 
ing assumptions are used to derive each 
consumer i’s demand function: Each con- 
sumer į pays the fraction ¢; of. the total cost 
of state expenditures. Each ź; is invariant 
with respect to the size of state expenditures. 
Activity z is supplied at constant marginal 
cost g,. Each consumer i knows his tax price 
for z, t;q,, and computes z; his preferred 
quantity of z, by maximizing his utility sub- 
ject to his budget constraint and the given 
tax price. Each consumer’s taste index for z 
is w,. The taste index w is defined such that 
if two consumers have the same incomes 
and confront the same prices, but differ in 
terms of w, the consumer with the higher w 
prefers the larger quantity of z. While the 
definition of w is consistent with the general 
usage of taste differences, many functional 
forms of w in each consumer’s utility func- 
tion are consistent with the definition. Be- 
cause it will not be possible to determine the 
precise form from the data set, w is assumed 
to enter each consumer’s demand function 
in the form c(w,), where c(w) is a mono- 
tonic increasing function of w. Let there be 
constant price and income elasticities a and 
B for activity z, and let y, be each consumer 
i’s income. Then each consumer i’s demand 
function for z is 


(1) 


z;=ac(w,)(t;9,)"¥P 
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This demand function determines each con- 
sumer i’s preferred quantity of z, given his 
tax price, income, and taste index. 

It is in general not possible to observe 
each consumer i’s preferred quantity of z 
because of the publicly supplied nature of z. 
The actual quantity of z supplied to the 
community is determined collectively, and 
each consumer adjusts his consumption to 
what he perceives to be the collectively 
supplied quantity regardless of whether 
or not this is his preferred quantity. In 
the Borcherding-Deacon and Bergstrom- 
Goodman studies, the problem of observing 
preferred quantities is solved by making 
a series of collective choice assumptions. 
These assumptions insure that the quantity 
of a publicly supplied activity actually cho- 
sen by the community is determined by the 
median voter for the community. It is fur- 
ther assumed that the median voter receives 
the median income.’ When combined with 
the assumptions of constant t, and q,, this 
median income assumption allows the ex- 
penditures of the community for z to be 
treated as an observation on the demand 
function of the median income consumer. 
The demand function is assumed to be log- 
linear in both studies. With the exception of 


the taste index, equation (1) follows the de- 


mand function used by Borcherding-Deacon 
‘and Bergstrom-Goodman.? 

By assuming that median income con- 
sumers in different communities are on their 
demand curves, Borcherding-Deacon and 
Bergstrom-Goodman were able to estimate 
demand parameters for median voters in 
municipalities and states. In contrast, my 
study identifies within a sample of con- 
_ sumers in a single jurisdiction a subset of 
consumers who perceive themselves to be con- 
suming on their demand function for a publicly 


'See the two studies for a complete discussion of the 
various assumptions. 

2The constant elasticity form is well established in 
public goods investigations. The specification used here 
does not include a variable denoting crowding (or 
publicness). These variables were included in the 
Borcherding-Deacon and Bergstrom-Goodman studies, 
where they were measured by population. Since the 
data examined here are drawn from a single jurisdic- 
tion, no comparable variable can be defined. 
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supplied activity. Demand parameters are 
then estimated from observations on this 
subset of consumers. A survey research in- 
strument is used to identify the subset and 
measure the necessary variables. 

The assumptions needed to utilize a survey 
research design are as follows: each con- 
sumer i who perceives himself to be in 
equilibrium with respect to z is asked to 
indicate the benefit b; he derives from con- 
suming z. He is given a benefit scale and 
asked to indicate the value that best de- 
scribes his benefit b,. The benefit scale is 
restricted to vary between two predeter- 
mined real numbers. It is assumed that each 
consumer į responds by first computing an 
income equivalent of the utility he derives 
from consuming z. It is further assumed that 
he uses the area under his ordinary demand 
curve for z to estimate his income equiva- 
lent. The shaded area in Figure 1 illustrates 
each consumer i’s estimate of his income 
equivalent, where z¥ is consumer i’s percep- 
tion of the collectively determined quantity 
of z. It is also assumed that each consumer i 
states his income equivalent relative to his 
income in responding to the benefit ques- 
tion. Finally, it is assumed that each con- 
sumer / uses the proportional rule k to map 
his ratio of income equivalent to income 
into the predetermined range of responses 
for b,. Let o; be consumer i’s estimate of his 
income equivalent. Then each consumer i’s 
benefit response is 


(2) b=k (0;/ Yi) 


Solving for o; by integration,? substituting 
for z from (1) to eliminate z, and simplifying 


3The integrand for the demand function does not 
have a finite value for all values of a. But it seems 
reasonable to assume that consumers will give a finite 
estimate of their income equivalent when the integrand 
is not finite. In these cases, it is assumed that each 
consumer i estimates his income equivalent o; by some 
multiple of the amount he pays for z*. Then a state- 
ment is generated that differs from (3) only im the 
constant term. Each consumer i pays (t;4,)z* for z?. 
Let d be the multiple term equating what each con- 
sumer i pays for zf to o,. Then 0,=d(t;q,)z?. Substitut- 
ing for z? from (1) yields 0,=d’c(w,)t?*'!yf, But b,= 
k(0,/y;) and b=d"e(w,)t7* yf. 
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gives 
(3) b= k’c(w,)te*'yP—! 


Given information on b, w, t, and y for 
consumers in equilibrium with respect to a 
public good, it is possible to estimate price 
and income elasticities from the logarithmic 
form of (3) with the addition of a random 
disturbance term. 

The behavioral assumptions used to de- 
rive (3) are admittedly assumptions of con- 
venience that allow the model to be esti- 
mated by a survey research design. But the 
behavioral assumptions are not unrealistic. 
When asked to evaluate the benefit derived 
from a good, it is reasonable to expect the 
consumer to think in terms of indicating his 
utility by some dollar amount. Further, it is 
reasonable to expect this income equivalent 
to be stated in some relative way. How 
much the consumer benefits from con- 
suming z is relative to the benefit he derives 
from all other goods, which is assumed here 
to be measured by income.* 

Assuming the consumer computes an in- 
come equivalent of his utility from con- 


4It could also be assumed that the benefit the con- 
sumer derives from all other goods is proportional to 
income. The resulting equation would differ from (3) 
only in the constant term. 
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suming z, economic theory does not provide 
a unique answer on what the income equiva- 
lent will be. The computation depends on 
the value of the marginal utility of income 
along the adjustment path between the con- 
sumer’s initial and final position, with the 
Hicksian expressions of compensating and 
equivalent variation generally providing the 
upper- and lower-limiting values. Given 
that the consumer does not know what to 
assume for an adjustment path when asked 
a benefit question, it is reasonable to argue 
that he will adopt some path or construct 
between the two limiting values. The obvi- 
ous construct is the consumer’s ordinary 
demand curve. Finally, when asked to map 
his ratio of income equivalent to income 
into some predetermined range of magni- 
tudes, it is reasonable to expect the con- 
sumer to choose a rule that leaves his re- 
sponses unaffected by any linear change in 
magnitude assignment. A proportional rule 
has this desired property. It is assumed for 
convenience that each consumer uses the 
same proportional rule. 


Ii. Measurement of Variables 


Observations needed to estimate (3) are 
obtained from a systematic sample of reg- 
istered voters in Santa Clara County, Cali- 
fornia. A survey was administered to the 
sample during the two-week period pre- 
ceding November 6, 1973. The return rate 
was 60 percent, with 182 respondents being 
interviewed. Only one variable, party identi- 
fication, was available to check for repre- 
sentativeness. At the time the sample was 
drawn, 38 percent of the registered voters 
were Republican, 55 percent were Dem- 
ocrats, and 7 percent showed some other 
affiliation. The corresponding values for the 
sample were 38, 58, and 5 percent, respec- 
tively. The interviewing was done mainly by 
San Jose State University students. Each 
interviewer had two training sessions before 
going into the field. 

To estimate (3), it is first mecessary to 
identify the subsets of respondents who are 
on their demand curves with respect to each 


5See Eugene Silberberg and Michael Burns. 
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of six state activities. This is accomplished 
by asking respondents whether they favor 
increasing, decreasing, or leaving unchanged 
state spending for each activity if the spend- 
ing change is reflected in their state tax 
payments.° By linking a change in expendi- 
tures to a change in subjective tax price, it is 
possible to infer whether a respondent’s sub- 
jective tax price is less than, greater than, or 
equal to his perceived marginal benefit. A 
respondent whose tax price is equal to his 
perceived marginal benefit is consuming on 
his demand curve for the activity and pre- 
sumably answers no change. Only respon- 
dents who answer no change are used to 
estimate (3) for the activity, with there being 
different subsets of respondents for each 
activity. 

The variables needed to estimate (3) for 
the subsets of respondents are measured as 
follows: to measure benefits derived from 
an activity, respondents are asked to rank 
the benefits they feel they derive from each 
of the six activities on a seven-point scale.’ 
Income is measured by using the midpoint 
of the income category respondents indicate 


6The survey question was worded: “I’m now going 
to ask you if you think state spending should increase, 
decrease, or stay about the same for several state pro- 
grams. People often wonder where the money will 
come from if spending is increased for some programs, 
or what will happen to savings from cutting back 
spending on some programs. In answering these ques- 
tions we would like you to think that an increase in 
spending for a program would mean some increase in 
your taxes, and a decrease in spending for some pro- 
gram would mean some decrease in your taxes. In 
other words, if you think state spending on pollution 
control should increase, this increase would mean some 
increase in your state taxes. If you think state spending 
on pollution control should decrease, this decrease 
would mean some decrease in your state taxes. Pil read 
the programs off one at a time and you just tell me if 
you think spending should increase, decrease, or stay 
about the same.” 

7The survey question was worded: “I would like to 
begin by asking you how you feel about certain things 
the State of California spends money on. (HAND R 
CARD #1.) This card is like a thermometer. Someone 
who felt he benefited a great deal from some state 
program like highway construction would place himself 
at seven. Someone who felt he didn’t benefit at all from 
highway construction would place himself at one. Of 
course other people have feelings in between. I’m going 
to read off a list of state programs one at a time. You 
just tell me which number best describes your feelings 
toward this program or service.” 
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includes their family income for the current 
year.® Perceived tax share is measured by 
perceived tax lability. As long as the mar- 
ginal cost of each state activity is constant, 
this substitution of tax liability for tax share 
does not affect elasticity estimates, although 
the constant term is affected.? Respondents 
are asked how much they feel they will pay 
in state sales and income taxes during the 
current year. These two values are then 
added together to form the perceived tax 
liability variable! While other revenue 
sources exist, it is not possible to assign the 
incidence of these other sources to respon- 
dents in a convincing way. But the high 
percentage of general fund expenditures fi- 
nanced by sales and perscnal income taxes 
(69 percent for the study period) justifies the 
tax liability measure. The measure also has 
the strength of directly reflecting perceived 
tax liability. Borcherding-Deacon and Berg- 
strom-Goodman estimated perceived tax 
shares from aggregate data, and the possi- 
bility that nonrandom perc2ptual errors were 
causing bias could not be dismissed. 

A Likert-type attitude scale is used to 
measure the taste index.’’ The scale items 
are shown in Table 1. Ech item has five 
possible responses running in an index from 
l to 5, with 5 representing the strongest 
taste. Each respondent is given a summed 
score based on his responses to the items. 
For example, a respondent answering “a 
great deal” to items 1, 2, and 4 and “very 
little” to items 3 and 5 receives a score of 
25. This score is used to measure c(w,). 


®The income question is a standard Survey Research 
Center item with the following income groups: under 
$1,000; $1,000- 1,999; $2,000-2,999; $3,000-—3,999; 
$4,000-4,999; $5,000-7,499; $7,500-9,999; $10,000- 
14,999; $15,000-24,999; $25,000 and over. The mid- 
point for the last category was assumed to be $30,000. 

*Let e be the total cost of state expenditures and let 
x, be consumer i’s perceived tax lability. Then t,=x,/e 
and In(x,/e)**!=(a+l)inx,—(a+ Dine. But (a+ 
l)/n e is a constant. 

10The survey question was worded: “We are inter- 
ested in what people think they Day in different taxes 
over a year’s time. I’m going to read off several differ- 
ent taxes one at a time and you just tell me how much 
you think you will pay in this tax over this year. Just 
give me your best guess.” 

Complete discussions of scaling are found in 
Warren Torgerson and Clyde Coombs. See H. Upshaw 
for a brief discussion. 
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TABLE 1-—TASTE SCALE ` 


Item 


1. How much do you think state spending on education benefits those families without 


children in school? 


Direction of 
Strong Taste 


a great deal 


2. Some people feel they benefit indirectly from a great many things state government does 
even though these programs don’t help them directly very much. How much do you feel 


you benefit indirectly like this from things state government does? 

3. Some think that the only people who really benefit from state parks are people who use 
them. How much truth do you think there is to this way of thinking? 

4. How willing are you to pay taxes to support state programs which don’t benefit you or 
your family directly but which do benefit other people in the state? 


a great deal 
very little 


a great deal 


5. People sometimes’ say they only benefit from state government services when they use 


these services. How much truth do you think there is to the way these people feel? 


very little 


Note: The possible responses were: a great deal, pretty much, some, little, and very little. 


However, two questions must be answered 
‘in the affirmative before the summed score 
can be used to estimate the model: Do the 
five items form a scale? If so, is the re- 
searcher justified in treating the scale as a 
taste measure? 

Because there is no single, generally 
accepted test for the scalability of Likert 
items, several different tests are applied to 
the five items. All tests support the assertion 
that the items do form a scale. Interitem to 
scale correlation coefficients and a t-test of 
the scale’s ability to discriminate the upper 
25 percent of the scores from the lower 25 
percent are significant at the .05 level. Two 
different kinds of factor analysis also sup- 
port the scalability of the items. A factor 
analysis of the items with squared multiple 
correlation coefficients used as estimates of 
communalities generates one factor with 
loadings for items 1 through 5 of .666, .698, 
— 367, .620, and —.518, respectively.’? A 
principal-component analysis generates two 
factors that account for 68 percent of the 
total variance. The second factor loads 
heavily on items 3 and 5 and has an eigen- 
value of 1.03. It is concluded that some 
negative response bias is present but that 
the large portion of variance accounted for 
by the first factor supports the argument 
that the scale is measuring a single variable. 


12 The categories for items 3 and 5 were not recoded 
to reflect the direction of strong taste consistent with 
the categories for items 1, 2, and 4 when the factor 
analyses were performed. 


It should be noted that a unique interval 


meaning cannot be given to an estimated 
coefficient of the log of the taste measure. 
The interval properties of the scale are sus- 
pect, with no more than an ordinal level of 
measurement usually assumed for Likert 
scales. Moreover, any monotonic increasing 
function of w is consistent with the defini- 
tion of the taste index in the model. Thus 
the interval properties assumed for c(w,) in 
order to justify the Jog-linear form represent 
a convenient, but perhaps not very realistic, 
assumption. 

Given that the five items form a scale, is 
it reasonable to suggest that the scale mea- 
sures tastes? It has been assumed that con- 
sumers interpret benefit questions in terms 
of an income equivalent. The taste index has 
been defined such that a positive relation- 
ship exists between the taste index and the 
preferred quantity of a ‘state activity, all 
other things being equal. It follows that a 
positive relationship exists between the taste 
index and the income equivalent associated 
with a given state activity. This variation in 
income equivalent will then be reflected in 
different benefit responses.. The scale items 
directly reflect the benefit variation ex- 
pected to follow from taste differences and 
thus can be used to measure the taste 
index. 


BA formal discussion of the scale design is lengthy 
and available from me on request. Briefly, the taste 
index examined in the text assumes that state-produced 
activities supply two types of goods in fixed propor- 
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TABLE 2—— REGRESSION RESULTS 


Taste Variable Excluded 
Con- Price Income 
State Activity stant Elasticity Elasticicy R 
Aid to Needy People 7.33 ~— 78 2i 4l 
(14 (27 
Pollution Control 3.04 —.88 14 13 
(.19) (.36) 
Colleges and 1.46 — 82 88 .22 
Universities (.12) (.21) 
Elementary School 139 —1.07 1.04 09 
Aid (.13) (.21) 
Parks and Recrea- 90 —1.03 1.08 07 
tional Areas (.10) (.19) 
Highway Construction 2.15  —1.08 1.00 .20 
and Maintenance: (.08) (.06) 
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Taste Variable Included 
Con- Price Income Taste Co- Number 
stant Elasticity Elasticity efficient R of Cases 
5.89 ~~ .83 26 AS 44 47 
(.15) (.27) (.35) 
117 —.99 77 84 37 32 
(.19) (.34) (.43) 
—1.19 -~.87 © 92 96 49 51 
(.11) (.19) (.28) 
—1.29 —1.16 1.14 87 4l 52 
(.12) (.20) (.28) 
20 —1.02 1.06 32 22 50 
(.10) (.18) (.21) 


1.02 —1.09 99 42 32 33 
(08) (0 (29) _ 





Note: Standard errors are shown in parentheses. Elasticity estimates and their standard errors are derived from the 


regression estimates and standard errors fot a+1 and 8—1. 


The measures for income, benefit, and 
taste are all categorized measures. The cate- 


gories are defined by the scale intervals, and 


the category midpoints are assumed to equal 
the means of the cases distributed within the 
intervals. For example, if a respondent indi- 
cates a benefit score of 5, his actual scare is 
assumed to lie in the interval 4.5 to 5.5, and 
5 is assumed to be the mean benefit score 
for all respondents in the intervai. Thus the 
observed measures for the categorized vari- 
ables reflect measurement error. While mea- 
surement error in the benefit variable can be 
assumed to be captured in the random dis- 
turbance term, measurement error in the 
independent variables of income and taste 
will cause ordinary least squares (CLS) 
estimators to be biased and inconsistent. In 
order to assess -the effect of measurement 


tions. The two types of goods are defined as follows: if 
consumers can derive benefits from a good supplied by 
an activity only by using the activity, the good is a 
direct consumption good; if consumers de not have to 
use the activity to derive benefits from a good, the 
good is an indirect consumption good. The scale shown 
iri Table 1 measures tastes for only indirect consump- 
tion goods. But it is easily shown that if consumers 
have the same utility function the preferred level of an 
activity varies directly with the taste index for incirect 
consumption goods. Thus the taste index can bə in- 
cluded in a log-linear demand function along with tax 
price and income, as shown in (1). 


error, a maximum likelihood method is ap- 
plied to solve for the estimates of ().'4 
Estimates of the maximum possible mea- 
surement error present in each regression 
are obtained by assuming that all cases 
lie at the category bounds. The resulting 
squared deviations about the category mid- 
points are weighted by the proportion of the 
total regression cases occurring in the cate- 
gories to obtain estimates of error variaaces 
for the income and taste variables: These 
estimates are so small in relation to the 
variances for the income and taste variables 
that the maximum likelihood method gen- 
erates essentially the same 2stimates as OLS. 


Hil, Regression Results 


Equation (3) is estimated for-each of the 
six state activities. The reg-ession results are 
shown in Table 2, .with the benefit measures 
for each activity being the dependent vari- 


ables. A large amount of missing data for 


the tax variable and the estimation of (3) for 
only those respondents on their demand 
curves combine to reduce the number of 
cases from the initial 182 respondents for all 
six regressions. 

All ‘estimates shown in Table 2 have ap- 
propriate signs and reasonable values. Given 


14See Jack Johnston, pp. 287-90. 
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the use of categorized survey data, multiple 
Rs are predictably low. But the failure of 
the tax liability and income variables to 
explain a larger amount of the variance for 
parks and recreational areas and elementary 
school aid is surprising. It should be noted 
that regressions for parks and recreational 
areas have not behaved consistently in both 
the Borcherding-Deacon and Bergstrom- 
Goodman studies. The regressions for parks 
and recreational areas had a low multiple R 
for one of Borcherding-Deacon’s groups, 
and Bergstrom-Goodman found only one 
significant tax share elasticity in their ten 
state regressions, along with a nonsignifi- 
cant low-income elasticity for California. 
These combined results lead to the specula- 
tion that significant variables are being ex- 
cluded in demand specifications for parks 
and recreational areas. Variables such as 
travel distance to publicly financed parks, 
congestion costs, availability of private sub- 
stitutes, and availability of free substitutes 
would be expected to have a substantial 
impact on demand. In the case of elemen- 
tary school aid, substantial local financing 
and quality differences among school dis- 
tricts within Santa Clara County could ex- 
plain the failure of the tax liability and 
income variables to account for more vari- 
ance. Respondents may not be able to clearly 
distinguish state aid shares from local shares 
or relate state aid to elementary school out- 
put. Quality differences among school dis- 
tricts would imply that state aid does not 
constitute the same good among districts. 
Some of the elasticities shown in Table 2 
relate to specific results found in previous 
studies. Borcherding and Deacon reported 
positive price elasticities for higher edu- 
cation and highways. They speculated that 


their results for these highly subsidized ac- 


tivities were due to the lack of association 
between marginal cost (used to estimate tax 
share) and the median voter’s perceived tax 
share. The negative price elasticities for uni- 
versities and highways shown in Table 2 are 
based directly on perceived tax liabilities 
and thus support Borcherding and Deacon’s 
reasoning. Also, to the best of my knowl- 
edge, the elasticities for aid to needy people 
represent the first estimates for a category of 
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welfare expenditures to be based on individ- 
ual consumer data. Previous estimates have 
been based on the actual output of the pol- 
ity and show substantially higher income 
elasticities.!° While conclusions drawn from 
the estimates reported in Table 2 must be 
tenuous, the apparent discrepancy between 
consumer data and the output of the polity 
poses a significant question for future re- 
search. Finally, the regression results sup- 
port the speculation that taste differences 
have a substantial impact on demand for 
public goods. Indeed, a conservative conclu- 
sion is that the taste variable is at least as 
important as tax liability and income in five 
of the six regressions. 6 


IV. Implications 


The regression results have implications 
for both specifications of demand informa- 
tion in collective choice studies and future 
applications of survey-based methodology. 
The implications for demand specifications 
are discussed first. In evaluating constant 
elasticity functions for public goods, the sign 
of B+an has important implications, where 
n is the elasticity of tax share with respect to 
income.” If B+an>0 (<0), quantity de- 
manded is an increasing (decreasing) func- 
tion of income, a necessary condition ‘for 
many median voter applications to col- 
lective choice problems. Bergstrom and 
Goodman found £ to be substantially larger 
than an for most of their regressions (assum- 
ing a tax share elasticity in the range of 1.0 
to 1.3). Applying the same tax share elastici- 
ties to Borcherding and Deacon’s estimates 


'SSee Larry Orr for a discussion of estimating in- 
come elasticities and income effects for Aid to Families 
with Dependent Children. 

lë The regression results for aid to needy people are 
surprising only if it is argued that a redistributive taste 
should be reflected in the taste index. To examine this 
argument, it was assumed that redistributive tastes are 
associated with preferences concerning whether a pro- 
gressive or proportional tax system is more equitable. A 
question on tax equity was included on the question- 
naire and associated with the scale. No systematic . 
association between this question and the scale existed, 
Thus the regression results for aid to needy people are 
consistent with other redistributive relationships in the 
data set. 

"See Bergstrom and Goodman. 
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shows only half of their regressions yield a B 
substantially greater than ay. Given the 
standard errors, caution must be exercised 
in drawing inferences for activities shown in 
Table 2. But B+an for aid to needy people 
is Clearly negative for any reasonable as- 
sumption about state tax elasticity, and the 
combined results suggest that it may be 
premature to speak generally of the demand 
for public goods or expect consumers with 
incomes above (below) the median to vote 
for increasing (decreasing) public expendi- 
tures. 

The exclusion of taste variables in previ- 
ous specifications raises questions of possi- 
ble bias in previous estimates. No bias prob- 
lems exist as long as the taste variables are 
uncorrelated with other independent vari- 
ables. The taste variable used in this paper 
is uncorrelated with tax liability and income 
in the data set.'® This result gives added 
support to the Borcherding-Deacon and 
Bergstrom-Goodman estimates. But the re- 
lationship may not be typical of other data 
sets. Santa Clara County has one of the 
wealthiest best-educated populations in the 
United States. Normal survey bias and use 
of the voting roles as the operational popu- 
lation reinforced these characteristics in the 
sample. Thus the sample shows little evi- 
dence of socioeconomic cleavages. In poli- 
ties where such cleavages are substantial, 
the taste variable may be correlated with 
income. Even for the Santa Clara County 
sample, a careful examination of the data 
set shows a significant ordinal association 
between the high-income category and other 
income categories with respect to the taste 
scale.” 


18 Correlations for the taste variable and income are: 
aid to needy people .00; pollution control .29; colleges 
and universities .04; elementary school aid .03; parks 
and recreational areas .06; highway construction and 
maintenance .23. Correlations for the taste variable and 
tax liability’ are: aid to needy people .15; pollution 
control .41; colleges and universities .13; elementary 
school aid .19; parks and recreational areas .01; high- 
way construction and maintenance .21. 

19The lower-income groups were collapsed into one, 
and Goodman and Kruskal’s gamma was computed. 
Gamma was .24 and significant at the .05 level. 
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The regression results also have implica- 
tions for the survey-based methodology. The 
reasonable estimates provide some support 
for the assumptions used to generate the 
model. If the theoretical structure of the 
model is accepted, any public choice hy- 
pothesis derived from demand theory is 
potentially testable with survey research. The 
problem of not being able to observe indi- 
vidual choices, long a handicap to research 
in collective choice behavior, is removed. 
The model does not, however, remove prob- 
lems due to strategic behavior. Consumers 
are still assumed to reveal their true prefer- 
ences, and care must be taken not to apply 
the model to those cases where consumers 
are cognizant of strategic gain. 
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The Value of a Life: New Evidence 
from the Marketplace 


By RACHEL Darpis* 


Problems of life valuation have been dis- 
cussed extensively in recent years (see Jan 
Acton; Brian C. Conley; Jack Hirshleifer, 
Theodore Bergstrom, and Edward Rappa- 
port; M. W. Jones-Lee, J. Linnerooth, E. J. 
Mishan, Thomas Schelling, Richard Thaler 
and Sherwin Rosen, Dan Usher, and 
Richard Zeckhauser). Various approaches 
have been discussed, including the individ- 
ual’s willingness to pay for a risk reduction. 
This approach is favored by many econ- 
omists on the grounds that it incorporates 
the preferences of the individual towards 
risk. 

Procedures for estimating the value of 
risk reduction to the individual include: 1) 
questionnaires; 2) risk premiums for workers 
in hazardous occupations; and 3) voluntary 
purchases of safety devices or products with 
safety features.: While the questionnaire 
method and the risk premium method have 
been employed by several researchers, lack 
of market data has precluded the use of 
the third method. This paper investigates 
voluntary purchases of smoke detectors to 
estimate consumer willingness to pay for 
risk reduction. Such data may in turn be 
used to estimate the implicit value of a life. 


I. Willingness-To-Pay Model 


The willingness-to-pay measure of life 
valuation is shown in Figure 1. Utility is 
measured along the vertical axis while in- 
come is measured along the horizontal axis. 
In the initial risk-free situation, the individ- 
ual is at point A where consumption C, 
yields a utility of U(C,). The introduction of 
a hazard replaces the certain prospect C, 
with an uncertain prospect which yields in- 
come C, with a probability (1—p), and zero 
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FIGURE |, DERIVATION OF THE IMPLICIT VALUE 
OF A LIFE 


income or death with a probability p. As- 
suming that the state “death” yields zero 
utility in the ex ante calculations of the 
decision maker (i.e., there is no bequest util- 
ity function), then the uncertain prospect 
has an expected utility (EU) equal to p(0)+ 
(1—p)UC,.' The loss in utility is equal to 
puU(C,). This loss in utility may be trans- 
lated into monetary terms by considering 
the amount of wealth necessary to com- 
pensate the individual for the introduction 
of the hazard. This is given by C—C; in 
Figure 1. 

For small changes in the neighborhood of 
A, the compensating variation V(C,—C)) is 
equal to pU(C,)/(dU/dC) where p is the 
probability of death and U(C,)/(dU/dC) 
represents the implicit value of a life. Thus, 
the compensating variation may be com- 
bined with the increase in the probability of 
death to yield estimates of the value of a 


1The assumption that the U(death)=0 is a con- 
venient simplification. See Hirshleifer, Bergstrom, and 
Rappaport for a discussion of this assumption. 
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life. Alternatively, the amount of money an 
individual is willing to pay for risk reduc- 
tion may be used to estimate the value of a 
life. 

It should be emphasized that this ap- 
proach focuses on the rate at which an 
individual is willing to exchange a marzinal 
change in safety for a marginal change in 
income. If a large number of individuals are 
making similar choices, then the estimated 
value of life to such individuals may be 
described in the following terms. Suppose 
1,000 persons require a compensation of 
$100 due to a decrease in survival probabil- 
ity of 0.001, then the estimated value of a 
life is $100 thousand for individuals in the 
community. Thus, there will be one more 
fatality once the hazard is introduced and 
the total required community compensation 
is $100 thousand. However, this does not 
mean that any one individual will be willing 
to sacrifice his life for $100 thousand (see 
Hirshleifer, Bergstrom, and Rappaport). 


Il. Methodology 


Consideration was given to the reduction 
in the probability of death and hospitalized 
injuries due to purchases of smoke detec- 
tors.? Smoke detectors were selected since 
they are the most feasible and lowest cost 
fire protection and control strategy for 
households. The cost of smoke detectors 
was then compared to the weighted change 
in the probabilities of death and injuries. It 
was assumed that subjective probabilities 
(which underlie the expected utility ap- 
proach) might be approximated by relative 
frequencies. This assumption has been used 


in other empirical studies, notably by Thaler 


and Rosen. Its justification in the case of 
smoke detectors is based on increased pub- 
lic awareness of hazards, particularly life 


2Minor nonhospitalized injuries were excluded since 
it was believed that probability reductions for such 
injuries would have little impact on tke decision to 
purchase smoke detectors. The remaining residential 
fire loss—property damage-——-was also excluded since 
such losses are covered by insurance. Thus, the empha- 
sis was on the role of smoke detectors in averting 
deaths or serious injuries which is the major theme of 
most fire safety educational campaigns. 
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safety hazards, from residential fires due to 
safety education programs by the National 
Fire Protection Associaton (NFPA), Na- 
tional Fire Prevention and Control Admini- 
stration (NFPCA), U.S. Consumer Product 
Safety Commission (CPSC) and the promo- 
tion of smoke detectors as a method for 
reducing the consequences of residential 
fires. 

A modification of a method developed by 
Lester Lave and Warren Weber was used to 
include the impact of smoke detectors on 
deaths and’ hospitalized injuries. The for- 
mula for estimating “b,” the value of a life, 
is given as | 


(1) | z=bw’x, b=(z)(w’x)7! 


where z=annualized cost of smoke detec- 
tors based on capital recovery factor: b= 
value of a life; w’= weighting vector repre- 
senting the individual’s attitudes towards 
death or hospitalized injury; and x= 
probability vector representing changes in 
the probability of death or hospitalized in- 
jury due to purchases of smoke detectors. 

It was assumed that smoke detectors have 
a life expectancy of ten years and that the 
average household with smoke detectors 
owned 1.5 smoke detectors (see R. Thomp- 
son).. Costs of smoke detectors included 
purchase price and annuél replacement cost 
of batteries. Purchase price was based on 
catalog prices of Sears, Roebuck and Com- 
pany. Two discount rates (5 and 10 percent) 
designed to reflect the subjective oppcrtun- 
ity cost of saving or borrowing to the con- 
sumer were used to estimate annualized 
costs.. i l 

Three weighting schemes which might’ be 
considered by a purchasing household are 
given in Table 1. The use of a range of 
weighting schemes was necessitated by the 
fact that no information is available con- 
cerning the relative impoztance attached by 
households to the probabilities of death or 
injury. The first scheme assigns the greatest 
weight to injury (50 percent) compared to 
weighting schemes 2 and 3, where values of 
10 percent and 0 are assigned. The last 
scheme means that the individual attaches 
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TABLE {-— WEIGHTING SCHEMES 


Scheme 
Type of Injury j 4 3 
Fatal 1.0 1.0 1.0 
Nonfatal 0.5 0.1 0.0 


no value to the reduction in the probability 
of injury and is only concerned with a re- 
duction in the probability of death. In con- 
trast, death is viewed as only twice as grave 
as injury in weighting scheme 1. Scheme 3 
may be the most appropriate weighting 
scheme for smoke detectors since educa- 
tional campaigns have focused on the life- 
saving role of smoke detectors. Both weight- 
ing schemes 2 and 3 are more realistic than 
scheme 1 which was introduced primarily to 
examine the sensitivity of the analysis to 
variations in weighting schemes. Most em- 
pirical studies have used weighting scheme 
three (see Acton, S. J. Melinek, and Thaler 
and Rosen). 

The change in the probability of death or 
injury was based on the estimated number 
of residential fire deaths and injuries, oper- 
ating rates for smoke detectors and the 
degree of protection provided by smoke de- 
tectors. It was estimated that there were 
approximately 6,200 residential fire deaths 
and 6,750 residential fire injuries in 1976. 
Fire death estimates were based on reports 
by the NFPA (see L. Derry, p. 50) while fire 
injury estimates were based on reports by 
the NFPCA and CPSC, and J. I. Barancik 
and M. A. Shapiro. The low number of 
hospitalized injuries relative to deaths is 
typical and reflects the nature of the hazard 
posed by residential fire. Occupants either 
escape or perish. 

Data for 1976 reflect the fact that 13 
percent of households in 1976 were equipped 
with smoke detectors. However, not all of 
these smoke detectors were operational. 
According to a recent study, only 80 percent 
of installed smoke detectors may be deemed 
operational at one point in time (see S. G. 
Helzer, B. Buchbinder and F. L. Offensend). 
Household usage or saturation rate (13 per- 
cent) multiplied by the operating rate (80 
percent) yielded an effective saturation rate 
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of 10 percent for all households. It has also 
been estimated that smoke detectors will 
provide 45 percent protection against death 
and 30 percent protection against injury 
(personal communication with R. W. Bu- 
kowski; National Bureau of Standards). The 
reason for the relatively low degree of pro- 
tection is due to a variety of factors includ- 
ing inability to escape, inability to respond 
to an alarm, and failure to respond cor- 
rectly. 

When the effective saturations rate for 


. smoke detectors was combined with the de- 


gree of protection, it was estimated that 
there would have been 6,492 deaths and 
6,759 injuries in 1976 in the absence of 
smoke detectors. Provision of smoke detec- 
tors in all households would have resulted in 
the avoidance of 2,337 deaths (0.8 x 0.45 x 
6492) and 1,670 injuries (0.8 x 0.30 x 6759). 
These numbers were combined with the 
number of households (74 million) to yield 
probability reductions of 3.16x107° and 
2.26 10~° for deaths and injuries, respec- 
tively. 

The above estimates were based on the 
assumption that residential fires are per- 
ceived to be single incident fires, that is, 
involving one death or one injury. While 
data from the NFPCA support the domi- 
nance of single incident fires, particularly in 
the case of death, it is possible that multiple 
person fire incidents may have been en- 
visaged by some purchasers of smoke detec- 
tors. In this instance, the resulting b values 
are overestimated. 

Annualized costs of smoke detectors were 
combined with weighted probability reduc- 
tions to yield estimates of the value of life to 
purchasing households from: 1974 to 1978. 


' The resulting estimates were combined with 


sales of smoke detectors to provide esti- 
mates of the value of life to the total popu- 
lation at risk. 


Itt. Results 


Sales and annualized costs of smoke de- 
tectors from 1974-79 are given in Table 2. 
While some smoke detectors were purchased 
prior to 1974, it is believed that they account 
for a negligible proportion of smoke detec- 
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TABLE 2— ANNUALIZED Costs OF SMOKE DETECTOR PER HOUSEHOLD 
($1976) 
Annualized Costs” 
Annual 
Time Sales? Purchase Operating 5% Discount 10% Discount 
Period (Million) Price Costs Rate Rate 
1974 418 $51.69 $7.00 $19.15 $21.37 
1975 4.0 50.86 7.00 18.99 21.17 
1976 -7.5 39.65 1.57 9,75 11.65 
1977 11.5 25.74 1.57 7.04 8.25 
1978 10.0 17.40 1.57 5.42 6.21 
1979 10.0 11.85 1.57 4.34 4.86. 


Sources: National Bureau of Standards (see Bukowski) and Thompson. 
“Excludes sales mandated by state or local ordinances. 
>Assuming 1.5 smoke detector per household. 


TABLE 3--- ANNUAL b VALUES FROM PURCHASES TABLE 4—~ANNUAL b VALUES FROM PURCHASES 


OF SMOKE DETECTORS OF SMOKE DETECTOR 
(5 Percent Discount Rate) (10 Percent Discount Rate) 

Time Weighting Scheme Time Weighting Scheme 

Period 1 2 3 Period i 2 3 
1974 $446,387 $564,897 $606,013 1974 498,135 630,383 676,266 
1975 442,659 560,177 600,949 1975 493,473 624,484 .« 669,937 
1976 227,273 287,611 308,544 1976 271,562 343,658 368,671 
1977 164,102 207,670 222,785 1977 192,308 243,363 261,076 
1978 126,340 159,882 171,519 1978 144,755 183,186 196,519 
1979 101,165 128,023 137,342 1979 113,287 143,363 153,797 


tor sales for the time period up to and 
including 1979. Annualized costs decline 
considerably from 1975 reflecting techno- 
logical advances in the production and op- 
erating costs of smoke detectors. Sales in- 
creased initially but have stabilized in recent 
years. The value of a life to households 
purchasing smoke detectors from 1974 to 
1979 are given in Tables 3 and 4 for dis- 
count rates of 5 and 10 percent, respectively. 
The b values decline over time reflecting a 
decline in annualized costs over time and a 
corresponding decline in the value of life by 
purchasing households. The highest b values 
are observed for weighting scheme 3, which 
is expected since the only anticipated ben- 
efit from the purchase of a smoke detector is 
the reduction in the probability of death. 
However, the difference between the three 
weighting schemes does not appear consid- 
erable. In particular, values for weighting 
schemes 2 and 3 are close. 


A comparison of Tables 3 and 4 indicates 
the impact of the discount rate on the esti- 
mated b values. Values increase as the dis- 
count rate increases. This contrasts with life 
valuation estimates basec on the human 
capital approach. However, the willingness- 
to-pay approach is concerned with cost an- 
nualization over the product life cycle, while 
the human capital approach is concerned 
with foregone earnings over the life of the 
individual. There is, therefore, no reason to 
expect the two measures to react similarly to 
changes in the discount raie. 

The data in Tables 3 and 4 may be in- 
terpreted two ways: 1) tke value of a life 
required to justify the purchase of a smoke 
detector; 2) the value of life to an individual 
who purchases smoke detectors. The second 


_ interpretation, which is of concern to this 


study, requires the assumption that subjec- 
tive probabilities. may be approximated by 
relative frequencies. Thus, the usage of 
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TABLE 5-— AVERAGE b VALUES FROM PURCHASES 


OF SMOKE DETECTORS; 
PURCHASING HOUSEHOLDS 
Time Discount Weighting Scheme 
Period Rate (%) l 2 3 
1974--79 5 189,049 239,239 256,652 


10 217,273 274,956 294,968 


smoke detectors by households will reduce 
the total number of residential fire deaths. A 
change in the number of fire deaths per 
household is obtained by dividing the esti- 
mated reduction in fire deaths by the total 
number of households. If the purchaser of 
smoke detectors is aware of this change in 
the number of expected deaths per house- 
hold, then the price paid for smoke detec- 
tors may be used to estimate the value of a 
life. In view of the greater publicity given to 
residential fire deaths as opposed to residen- 
tial fire injuries, the approximation of sub- 
jective probabilities by relative frequencies 
is more likely to be justified for weighting 
scheme 3. 

Data on smoke detector sales in 1974-79 
were used to estimate the value of a hfe to 
purchasing households in this time period. 
The value of a life for each time period was 
multiplied by the relative importance of sales 
in each time period to yield a weighted 
estimate of the value of life to purchasing 
households. Such households comprised 40 
percent of all households in the 1974—79 
time period. The results are given in Table 
5. Values range from $189,049 for weighting 
scheme 1 and a 5 percent discount rate to 
$294,968 for weighting scheme 3 and a 10 
percent discount rate. However, these re- 
sults provide an overestimate of the value of 
a life to the total population at risk since 60 
percent of the households are not repre- 
sented. Jones-Lee comments “the value...of 
an anticipated saving of one (anonymous) 
life during the forthcoming periods is given 
by the average over the relevant population 
of the marginal value of a decrease of risk” 
(p. 130). 

Assuming that the nonpurchasing popula- 
tion is informed of the risks from household 
fires, data for 1979 might be used to infer an 
upper bound to life values for this sector of 
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the population. Thus, in the case of weight- 
ing scheme 3, life values are less than 
$137,342 and $153,797 for discount rates of 
5 and 10 percent, respectively. 


IV. Discussion 


The results obtained in this study fall 
within the range obtained by Acton, and by 
Thaler and Rosen. Acton used the question- 
naire method and queried individuals con- 
cerning the willingness to pay for a reduc- 
tion in. the probability of a fatal heart 
attack. He obtained values ranging from 
$41,000 to $63,000 (1976). Thaler and 
Rosen. used risk premiums paid to workers 
in hazardous occupations and used regres- 
sion analysis to hold the impact of other 
variables constant. Their estimate was 
$300,000 ($1976), which is considerably 
higher than the results obtained by Acton. 

While the results of this study appear 
reasonable, certain methodological prob- 
lems underlying the analysis must be con- 
sidered. First, the use of relative frequency 
to approximate subjective probability is cru- 
cial to the analysis. While the procedure is 
necessitated by the fact that subjective prob- 
abilities are nonobservable, it may or may 
not be justified. Jones-Lee argues that “there 
seems to be no reason to suppose, that, over 
a large sample of individuals, there will be a 
systematic divergence between subjective 
probabilities, and relative frequencies when ` 
information concerning the latter is availa- 


` ble to the individual decision-maker” (p. 


153). The degree of information possessed 
by the individual then becomes important. 
The questionnaire method avoids this prob- 
lem by providing frequency data to the re- 
spondents, though a new problem—the 
validity of answers to hypothetical questions 
—is created (see Gary Fromm, pp. 166-76). 

The second area of concern is the calibra- 
tion of probabilities by the individuals. Thus, 
the individual is required to react to small 
changes in small probabilities and to dis- 
tinguish between probability reductions of 
2x 107° and 4x 107°. This is a risk percep- 
tion/risk response problem which has not 
been sufficiently addressed. Yet, it is funda- 
mental to the entire willingness-to-pay ap- 
proach. Finally, the weighting scheme is also 
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subjective. The relative unimportance of 
weighting schemes used in this study re- 
flected the fact that the probability reduc- 
tions for death and injury were of similar 
orders of magnitude. However, for many 
consumer products, injuries will far out- 
weigh deaths and the particular weighiing 
scheme selected may then become im- 
portant. 

In view of the problems associated with 
estimating the value of life, it might be 
queried whether an alternative approach to 
life valuation might be used. Thus, the 
methodology outlined in this paper may also 
be used by public policymakers to de- 
termine the value of a life implicit in their 
decisions. For example, a program which 
requires installation of smoke detectors in 
all new construction for an annualized cost 
of $4.34 has implicit life values ranging from 
$101,000 to $137,000 (5 percent discount 
rate). These values could then be compared 
to values implicit in other proposed health 
and safety programs. While this approach 
does not resolve the controversial issus of 
life valuation, it does provide decision 
makers with a basis for program compari- 
sons. Selection of projects with lower im- 
plicit life values would, in turn, increase the 
number of lives that might be saved for a 
given expenditure of resources and hence, 
the effectiveness of the entire health and 
safety effort. 
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Factor-Price Uncertainty with Variable 
Proportions: Note 


By STYLIANOS PERRAKIS* 


Marion Stewart recently examined the 
theory of the neoclassical firm under factor- 
price uncertainty in the same spirit as the 
well-known Leland-Sandmo theory of the 
firm under demand uncertainty. The main 
finding of his study is that, in most cases, 
risk-averse managers when faced with input- 
price uncertainty would substitute fixed 
(riskless) factors of production for the risky 
factors. The principal methodology used 
consisted of a direct comparison of the in- 
put choices of the firm’s manager under 
both risk neutrality and risk aversion. 

Stewart’s results are important and have 
_many obvious empirical implications, but 
they contain two serious deficiencies that 
may lead to errors and confusions. First, the 
formulation and solution of the multiple 
input case in the Appendix, as well as the 
uncertain price case in Section IV are flawed, 
insofar as the decision rules followed by the 
firm are suboptimal. Second, the first para- 
graph of Stewart’s study implies that a risk- 
indifferent manager operating in an uncer- 
tain environment is not going to be affected 
by the uncertainty with respect to his output 
and factor-proportions decisions. This im- 
plication is misleading. It is shown in this 
paper that mput price uncertainty combined 
with risk indifference has a very definite 
effect upon the input choices of the firm as 
compared to the certainty case. This effect 
of uncertainty combined with risk neutrality 
must be distinguished from that of risk aver- 
sion proper because it has direct implica- 
tions for empirical work. 

In empirical work at the firm or industry 
level, input prices are estimated by dividing 
the observed ex post cost of each input by 
the observed input use during the reference 
period. The result is an observed “average” 
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price that, under certain assumptions, corre- 
sponds to an unbiased estimate of the ex- 
pected ex ante input price. If (as it often 
happens) this observed price is used in the 
empirical work. as if it were known ex ante 
with certainty, thèn in ġeneral a bias will be 
introduced even when the manager is risk 
indifferent. It is shown in this paper that in 
cases of practical interest this bias may or 
may not have the same sign as the effect of 
risk aversion, which means that the total 
effect of uncertainty upon input choices is 
very often unpredictable when compared to 
thé predictions of the theory of the firm 
under certainty if the input and output prices 
are assumed equal to their mathematical 
expectations. This weakens somewhat the 
impact of Stewart’s results.. 

The other point made in this note is that 
in cases of more than one “risky” input, the 
method followed by Stewart (in his Appen- 
dix A) is incorrect, insofar as it leads to 
suboptimal decisions. Under variable pro- 
portions production the firm does not need 
to choose simultaneously the levels of all 
inputs. Hence, the risky inputs can be 
purchased after uncertainty has already been 
resolved, given the level of the riskless input. 
The selection of the latter must therefore 
incorporate the fact that risky inputs have 
been selected ex post under conditions of 
certainty. Similar remarks are also true when 
there is combined uncertainty in input and 
output prices. 

I shall consider a hypothetical firm that 
uses three’ inputs, x,, x, and x3, to.produce 
the final product q, and -let r}, r,, r,, and p 
denote their respective unit prices. Input x, 
(plant and equipment) must be chosen prior 
to the other two, so that at the time x, is 


‘tf there is only one variable input, as in Stewart, 
then the effect of uncertainty (as distinct from that of 
risk aversion) disappears. See below. 
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chosen the prices r, and r, that will be paid 
are not known with certainty. The manager 
possesses a subjective joint probability dis- 
tribution for r, and r,, and let F,, 7, denote 
the corresponding mathematical expecta- 
` tions. I will not impose any structure upon 
the joint distribution of r, and z, except to 
assume that one is not proportional to the 
other, that is, that the price ratio r, /r, is not 
.constant. For instance, r) may be raw 
materials and r, operating labor and it is not 
unreasonable to assume that each one of 
these inputs will have its own sources of 
randomness. 

Initially p, q, and r, are considered non- 
random, and it 1s assumed that the firm 
maximizes the expectation of its profits, 
E(7), where 

3 
w=pq- 2 T,X; 


i=] 


It should be noted, however, that inputs x, 
and x, are chosen under conditions of cer- 
tainty, since substitution was assumed and 
the purchase price is known at the time of 
the purchase. Hence, x, and x, are chosen 
optimally given the fixed level of x3. 


Í. Input Choices under Factor-Price Uncertainty 


Given p,q, and the chosen level of the 
riskless input x,, the manager chooses x, 
and x, for the realized values of r, and n. 
Define the firm’s variable cost function as 


(1) C(q, ris hs x)= Min {rix +r xlq 
le ^2 


< f(x, X2: X3)} 


corresponding to the production function f. 
Modern duality theory has established the 
uniqueness of the correspondence between f 
and C, and has shown“ that C is nonde- 
creasing in g, nonincreasing in x,, linear 
homogeneous increasing and concave in r, 
and r,, and convex in g and x, whenever the 
production function exhibits nonincreasing 
returns to scale. At the time x, is chosen, 


2See, for instance, W. M. Gorman and Ronald 
Shephard. 
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the functional form of C is known but its 
value is random, depending on r, and r. 

Under risk neutrality, the level of the ex 
ante input x, is going to be chosen by maxi- 
mizing the expected profit E(7). Contrary 
to Stewart’s assertion, this choice is not going 
to be the same as the one under certainty 
for r,; =r, an n=ñ. The only reason 
Stewart’s result was obtained was because 
there was only one variable input, say, x}. 
In such a case, the variable cost function is 
linear in r,: if g(x3,q) in Stewart’s notation 
denotes the input x, necessary to produce 
output q given x,, we have that 


(2) Elw]=E pq—r,2(x3,9)—74x3] 
=p] — F g( x3, q)— 13X; 


whose maximization with respect to x, 
would obviously yield the deterministic re- 
sult. By contrast, when there are two varia- 
ble inputs, the expected profit becomes 


(2’) E| 7 | =E| pq—-C(q, Piolo x3) ~ rž] 
=pq4—- E| C(q. Fis lo> x3) | ~hgX3 


The function inside the expectation is no 
longer necessarily linear in the random 
prices z; and 7,. In fact, we know that the 
concavity of C in (7,, 7,) implies by Jensen’s 
inequality that C(q,7,,%, X3) > E[C(q,7r,, 
I, X3)]. The equality sign holds under spe- 
cial circumstances, for instance when C is 
linear in 7, and r, (as in the fixed-coefficients 
production function) or when r, and r, are 
strictly proportional to each other. Barring 
these special cases, however, C is going 
to be strictly concave in (rñ) and 
C(q, Fi Fa, X3) is going to be strictly greater 
than E(C). 

The choice of x, will sa-isfy the following 
first-order conditions for the maximization 
of (2’). . 


dE[ C] 
(3) i 3 X; 
By contrast, under certainty for n=}, i=1,2 
this condition becomes r, = —3C(q, Fy 
Fy, X3)/ 0X3. 
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Unfortunately, the concavity in r; and n 
of the variable cost function is not preserved 
under differentiation and it is not possible 
to infer the impact of uncertainty upon the 
choice of x, without restricting somewhat 
the range of production functions. Suppose 
that we assume, however, that the variable 
cost function is separable under the follow- 
ing form: 


(4) C(9,r1.%,x3)=c(9, x3)W(r, r2) 


In Appendix A it is shown that this separa- 
bility of the cost function corresponds to the 
production function f(x,, x2, x3) having 
the form ®[x,, A(x,, x,)], where ® has the 
properties of a two-input production func- 
tion and A is a linear homogeneous produc- 
tion function in (x,,x.,). This separability 
and homotheticity restriction is satisfied by 
many functions commonly used in empirical 
work, such as the Cobb-Douglas and 
Leontief functions, as well as the well-known 
three-input generalizations of the conven- 
tional constant elasticity of substitution 
(CES) function, by Sato and Uzawa, re- 
spectively, 


q={[dxp+(1—8)x$]”?+-yx5}"" 
and q= [ ax? + Bx8-+yx8]"/ 


If (4) holds for the variable cost function, 
then 0C/0x, is concave in (r; 7,) and for all 
levels of q and x, 


_ dE(C) - 0C(q, Fis F, X4) 
0x; = Ix, 


Hence, the level of x, satisfying (3) is greater 
than or equal to the level that would exist if 
the manager operated on his long-run cost 
function evaluated at the expected input 
prices. This increased relative use of the 
fixed input is in addition to and indepen- 
dent from the one found by Stewart, which 
was solely due to risk aversion. 


II. Price and Output Uncertainty 


In assuming that price and output are 
known with certainty while input prices r, 
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and r, are still unknown at the time x, is 
chosen, we implicitly assume either some 
form of price regulation or contracts with 
“long” delivery lags that stipulate both price 
and output before production has taken 
place. An alternative assumption is that out- 
put price is also random at the time x, is 
chosen. If this happens, however, it makes 
little sense in most cases to assume that 
output is determined? simultaneously with 
X3, given variable proportions production 
and ex post choice of x, and x,. If we adopt 
the most plausible assumption, namely that 
Xp X2, and q are chosen after the values of 
r» tf, and p have been revealed, then for 
competitive firms we reach different conclu- 
sions from those of Stewart: while uncer- 
tainty and risk neutrality cause in most cases 
a choice of a larger riskless factor than 
would have been the case if input and out- 
put prices had been set equal with certainty 
to their expectations, risk aversion decreases . 
in these same cases the amount of the risk- 
less factor below the amount used by risk- 
neutral firms. 

If for a competitive firm q, x,, and x, are 
chosen under certainty given x,, then we 
can define the gross profit function as 


(5) II(p, Fis ly; x3) 


= Max {pq—rx1~ "X29 <f(1, X23 X3)} 


Ws Xis X2 


which, by duality theory, is increasing in p, 
decreasing in 7, and 7,, linear homogeneous 
and convex in (p, ri, 7), and nondecreasing 
and concave in x, whenever the returns to 
scale are nonincreasing.* An application of 
Jensen’s inequality shows clearly that 
EIC p, ry, r2 X3)] > ICD, Fi %, x3), where p 
is the expectation of p and the expectation 
in the left-hand side is with respect to p, r}, 
and r,. Under risk neutrality the choice of 
x, takes place by maximizing expected total 
profit E[II(p, 7%, x3)]—7%x3. The first- 


3Such an assumption is clearly invalid under perfect 
competition. It is also inconsistent with the conven- 
tional types of regulated monopoly, but it may be 
justified under some forms of collusive oligopoly. 

‘The term “gross profit” is due to Gorman, whose 
work also contains the proof of the properties of the 
profit function. 
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order condition is 


aE] _ 
0X3 


(6) 


r,=0 


As with the cost function, the convexity 
of the gross profit function is not always 
preserved under differentiation with respect 
to x,. A separability condition that would 
preserve convexity is for the gross profit 
function to have the form II(p, ri, m, 73)= 
SCP, ri %)g(x;). In Appendix B, it is 
shown that this condition is equivalent to 
S(%;, X2, X4) having the form F[g(x;3), 
X1,X], where g is any increasing and con- 
cave function and F is a linear homoge- 
neous production function in Ųg, Xi, X3). 
This condition is trivially satisfied by all 
production functions with constant returns 
to scale, but also by many other functions of 
practical interest such as the generalized 
Cobb-Douglas and some forms of the trans- 
log function. If 3E(I1)/ðx, is convex in 
(P, Ti %) then 


DECIT) | IUA, Fi, 7, x3) 
cn Te et 
0X3 ax; 


and the concavity of the gross profit func- 
tion with respect to x, implies that the level 
of x, satisfying (6) is greater than or equal 
to the level that would exist if the manager 
operated as if the input and output prices 
were with certainty equal to their expected 
values. 

The interesting result in this case is the 
fact that, even when uncertainty combined 
with risk neutrality raises the level of the 
fixed factor, risk aversion acts in the oppo- 
site way and reduces the fixed factor below 
the risk-neutral level. To see this, note that 
the maximization of expected utility of profit 
yields as a first-order condition 


(7) z|u (2 -,)|=0 


where U’=U’(IIl—1r,x,) is a decreasing 
function of total profit because of the as- 
sumed risk aversion. Following Stewart, I 
set A=U’(Il—7,x,), B=(0I1/0x,)—r, and 


DECEMBER 1980 


observe that the sign of Coo(AB) is nega- 
tive:° for Il=a(p, r, %)g(x3), B is increas- 
ing in the random factor II, while A is 
decreasing in II. Hence, since E(AB)= 
Cov( AB)+ E(A)E(B), for the value of x, 
that satisfies (7) the sign of E(B) is positive 
(since E(A)>0 always), and the optimal 
level of the riskless input under risk aversion 
is smaller than in the risk-neutral case. As a 
result, the net effect of uncertainty plus risk 
aversion when compared to certainty is in- 
determinate. 

For an imperfectly competitive market 
structure with an exogenously determined 
price and a random quantity revealed ex 
post, the structure of the decision-making 
problem is similar to that of the previous 
section. The choice of x, and x, is made 
under conditions of certainty, and the nec- 
essary condition for the choice of x, is again 
(3), with the difference that the expectation 
refers now to ri, r, and q. Stewart’s conclu- 
sions about the indeterminacy of the effect 
of risk aversion upon the choice of x, are 
also valid with respect to the comparison 
between the certainty, and the uncertainty 
plus risk-indifference cases. 


Il. Conclusions 


Uncertainty in the prices of some inputs 
at the time the level of other inputs is cho- 
sen distorts the factor-proportions choice of 
the firm when more than one risky input is 
involved no matter what the manager’s atti- 
tude towards risk may be. Under risk neu- 
trality and with nonrandom output price 
and quantity, the distortion results, in most 
cases of practical interest, in a heavier rela- 
tive use of the riskless input as compared to 
the certainty case with input prices set equal 
to their expectations. This effect is clearly 
distinct from the one found by Stewart, 
which was due solely to risk aversion. 

When output price is also random 
and under competitive conditions the most 
plausible assumption is thet output, as well 
as risky inputs, are chosen under conditions 


>The covariance between an -:ncreasing and a de- 
creasing function of a random variable is always nega- 
tive. See Theorem 236 of G. H. Mardy, J. E. Lit- 
tlewood, and G. Polya. 
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of certainty. By the use of the gross profit 
function, it is shown that Stewart’s results 
are no longer valid in this case. Even when 
risk indifference may cause an increased 
relative use of the fixed input, risk aversion 
acts in the opposite direction and the total 
effect of uncertainty is indeterminate. 


APPENDIX—- A. 


Suppose that the production function has 
the form I(x; Xas x3) sa ®[x3, h(x; X2), 
with ® having the properties of a two-input 
production function and h being a linear 
homogeneous production function in 
(xi X2). Define the inverse of ® as follows: 


(Al) c(q,x3)=Min{h|®(x,,h)>q} 
Following Shephard, also define the level set 


(A2) Li c(q, x3) | = {(x, xa )l A(x), x2) 


š > c(q, x4)} 


By definition, the variable cost function is 
given by (1) and the set {(x,,x,)lq< 
f( 1,2, X3)} is the level set. Hence, 


(A3) C(q, Fiala, x3) 
= Min{r,x,+7,%9 (x1, x2) eL[ c(4, x3) ]} 


But the level set of (A2) corresponds to that 
of a linear homogeneous production func- 
tion with c(q, x,) in place of output. It was 
shown in Shephard that such production 
functions correspond to cost functions that 
are linear in output. Hence, C(q, Fis 1, X4) 
=c(q, x;)W(r,, rn) where 


(A4) qW (ry, %)= Min (rx, +7,%2| 
1s *2 


h(x, x3) > q} 


Similarly, if C(q, ri, ⁄, X3) has the form 
(3), with c and W satisfying the appropriate 
properties of cost functions, then there ex- 
ists a linear homogeneous production func- 
tion such that (A4) and (A3) hold. Since 
C(q, Fi» r, X3) is also defined by (l), 
the sequence of the proof is reversible and 
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results in the fact that f(x,, 2» x)= 
Pix, h(x, X2 )]. 


B 


If Axi X2, x3) =F g(%3), Xp X2} g is a 
nondecreasing function and F is a linear 
homogeneous production function in 
(g,X,,xX,) then I define the gross profit 
function. 

(A5) T(P, ri n, X3)= la {pqa- (rx; 


Xis X2 


A x1, X21} 


q 
= Max — (FX, tnx) 
(2a (r; 1 T72 NG) 


J Xis X2 
xy Xz | 
< F| 1, ———, 
| g(x3) “oa 


=3(x3) | Max (70 (ry +72) 


Q, YoY 





<F(1, Yis Y2)} 


where Q=q/2(x3), ¥,=x;/g(x3), i=1,2. 
The last expression within braces in (AS) 
corresponds to a profit function s(p, ri, r) 
and, therefore, II(p, ri, h, x3) = g(x3)s 
(P, ry» ra). The sequence is reversible exactly 
and the separability of the profit function 
corresponds to the indicated form of the 
production function if we note that, as 
shown by Gorman, the gross profit function 
corresponding to a linear homogeneous pro- 
duction function is linear in the fixed input 
when the latter is a scalar. 


C 


= Ex post input 

= Ex post input 

= Ex ante input 

= Price of x, 

= Price of x, 

= Price of x, 

= Expectation of r, 

= Expectation of r, 
q= Output quantity 
p= Output price 
p= Expectation of p 
w= Profit of the firm 
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C()= Variable cost function 
JC )= Production function - : 
‘W( ), c( )= Component of the variable 
i cost function 
mt j= : Special form of the production 
. Function 
HK `= Component of the podacie 
fe ee : function — 
5, P, MA ' 7 
v, a, B, y= Parameters of the CES func- 
_ tion 
IIC = Gross profit function 
_ $C), g() = Components of the gross profit 
. function 
F( )= Special form of the procuceen 
| function 
U( )= Utility functión 
A = Marginal utility 
B= Marginal pret minus price of 
X3 
Li |= Level set 
O = Transformed. output 
. y, =Transformed x, 
' Ya™= Transformed x, 
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A Model of the Parallel Team Strategy 
in Product Development 


By FRED D. ARDITTI AND Ham Levy* 


In the late 1950s, the idea of employing 
several teams to attack the development of 
weaponry systems—-now known as the 
“parallel path strategy” of development— 
evolved at the Rand Corporation. This em- 
phasis on exploring several technological 
paths in the development of a product arose 
in response to the recognition that the ex- 
pensive part of research and development 
(R&D) is not the exploratory work, but the 
latter part of the development process (see 
Benjamin Klein and Richard Nelson, 1959). 
This proved to be the strategy adopted in 
the early development stages of the atomic 
bomb, where five independent teams at vari- 
ous universities pursued the problem of pro- 
ducing large quantities of material capable 
of producing a self-sustaining reaction. Sim- 
larly, the technique was widely applied to 
the development of aircraft engines during 
World War II, when it was found that the 
best way to produce a good engine was to 
bring several different prototypes to a prac- 
tical demonstration as quickly as possible, 
choose that one which exhibited the most 
favorable characteristics, and work inten- 
sively on the selected model to turn it into 
an effective military device (see Robert 
Schlaifer and S. D. Heron). In later periods, 
the Soviet Union employed this manage- 
ment strategy in developing their MIG 
fighters, while the United States brought 
this competition in team research to the 
development of the Thor and Jupiter mis- 
siles. The approach has also proved benefi- 
cial in cases where a central authority does 
not initiate the formation of the several 
teams. The initial stages in the development 
of color movies and television were under- 


*University of Florida-Gainesville, and Hebrew 
University of Jerusalem and the University of Florida- 
Gainesville, respectively. Levy acknowledges financial 
support from the University of Florida’s Public Policy 
Institute. We wish to thank an anonymous referee and 
George Borts for helpful comments and suggestions. 
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taken by several private firms, each follow- 
ing its own plan. 

While the idea’s birth appears to have 
many fathers (see Nelson, 1959), only he 
(1961) can be credited with providing a 
framework in which the costs and benefits 
of the parallel path strategy could be ana- 
lytically studied. The problem considered by 
Nelson is that of achieving the development 
of the project at minimum cost. His model 
assumes that n teams are selected to work 
on the project up to some review point. 
When the review date arrives, the perfor- 
mances of the teams are compared, and the 
team that looks best in terms of successfully 
completing the project at minimum cost is 
retained while the remaining n—1 teams are 
dropped. The basic assumption of Nelson’s 
characterization of the parallel path model 
is that the cost of using several teams during 
this initial stage is small relative to the 
benefits that accrue from the informa- 
tion gathered; however, as development 
continues into later stages, the cost of em- 
ploying multiple teams increases dispro- 
portionately to the value of information ob- 
tained. 

The Nelson model does indeed explain 
many of the instances in which we observe a 
firm or government agency employing more 
than one team on a development project. 
However, the model does not explain those 
cases where more than one team works until 
development is completed or failure is con- 
ceded—failure occurring whenever the al- 
located development funds’ run out. Nor 
does it explain why several teams may be 
employed even if the per team cost during 
the initial phase is not low relative to the 
value of information gathered. Stimulated 
by Nelson’s work, we suggest in this paper 
another model that explains these situations, 
and we analyze the factors important in 
determining the optimal number of parallel 
teams. 
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We assume that the size of each team is 
optimal, and the only question is how many 
teams should be employed in R&D. Obvi- 
ously, when we determine the number of 
teams to be employed, we determine the 
total optimal investment in R&D. This issue 
is crucial in considering the government 
budget allocated to R&D as well as the 
amount of money invested in R&D by the 
private sector. Just to indicate the magni- 
tude of the investment in R&D, note that in 
1977, General Motors invested $1,451 mil- 
lion in R&D; and the corresponding invest- 
ment figures for other leading firms are, 
respectively: Ford Motor Company, $1,170 
million; IBM, $1,142 million; and AT&T, 
$718 million. 

Finally, we would like to mention that we 
suggest in this paper a relatively simple 
model that can be extended in various direc- 
tions; for example, flow of information be- 
tween teams, agreement between compet- 
itors working on the discovery of two or 
more products which either substitute or 
complement each other, etc. However, we 
believe that the simple model contains the 
main message to which we would like to 
address ourselves. 


I 
A. The Model 


The firm is searching for a new product. 
If the search is successful, the discovered 
product increases the firm’s net worth by its 
net present value R. In calculating R, all 
costs to be incurred in the future produc- 
tion of the product being developed are 
accounted for, except the costs of develop- 
ment, A dollars per team, that are consid- 
ered separately. Clearly R>O, since other- 
wise no attempt will be made to develop the 
product. 

Given that any team’s chances of success 
are independent of the number of teams 
used and that the probability of success is 
1—gq while that of failure is q, how many 
teams should the firm employ during the 
development stage? If only one team is em- 
ployed, the expected dollar return IT(1) is 


(1). H(1)=(1-4)R-4A 
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where the development cost of A dollars is 
incurred with certainty. With two teams, the 
expected return J[(2) is the probability that 
at least one team will succeed, or one minus 
the probability of both teams failing q? times 
R minus the cost of using two teams. Form- 
ally, 


(2) II(2)=(1—q*)R—-2A 


Suppose that employment of the first team 
is profitable, should we add a second team? 
Only if the addition results in an increase in 
profit. That ts, if 


(3) ATI(1)=I1(2)— (1) 


=qg(1l-—q)R-A>0 
or 
(3’) q(l1—q)>A/R 


Obviously, the lower the cost-to-présent- 
value ratio A/R, the more likely it is that a 
second team will be added. The effect of q 
on the decision to add another team is rather 
more complicated, for, given A/R, a de- 
crease in g does not necessarily work in 
favor of increasing the number of teams. 
The reason is that a decrease in q gives rise 
to two counterforces. On the one hand, one 
can always increase the chances of success 
by adding a team. The higher q is, the more 
attractive this strategy is bearing in mind 
that the increase in odds must outweigh the 
added: certain cost of A dollars. On the 
other hand, the lower q is, the greater the 
likelihood that a single team will succeed, 
dictating against the addition of a second 
team— since the event “two or more teams 
discover the new product” yields the same 
return, R, as the event “only one team dis- 
covers the new product.” For g>1/2, the 
former force dominates in favor of increas- 
ing the number of teams, while for g<1/2, 
the latter force prevails. 


1Note that the marginal profit induced by adding a 
second team is given by A(II,:=q(1—q)R-—A. Thus, 
dA(TI, )/9g=R(1—2q), which is always a decreasing 
function of q. However, for all g< 1/2, d(AII,)/ ðq is 
positive and for all g>1/2, d{AII,)/9q is negative, 
which explains the above two counterforces. In téchni- 
cal terms these two counterforces stem from the fact 
that g(1—q) is a parabola, reaching its maximum at the 
value g=1/2. 
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More generally, if there are n—1 ongoing 


teams, the. question of adding an nth team is 
decided by 


(4 AII(n—1)=I(n)—Il(n—1)>0 
where 
(5) I(n)=(1-g")R-nA 


Substitution of (5) into (4) yields 


(6) AIl(n—1)=q"""1—g)R-A>0 

or 

(6) g’"(1-q)>A/R 

The.critical point to focus on is g=(n—1)/n, 
for if q is below this value, then a decrease 
in q works against adding the nth team 


while if g is above (n—1)/n then a decrease 
in g tends to favor an increase in teams.” 


B. ‘The Optimal Number of Teams 


If n* is the number of teams that pro~. 
duces maximum expected return, then it is 
necessary: that II(n*) satisfy 


(7a) ATI(n*—1)=II(n*)—II(n*—1)>0 
(Tb) ATI(a*)=T(n* +1) -H(n*) <0 


Employing the relationship given by equa- 
tion (6) for the cases n* and n*—1, the 
following must hold, if indeed n* provides 
the maximum expected profit; 


(8a) Rq”~"(l-q)-A >0 
(8b) Rq"(1-q)-A <0 


Equations (8a) and (8b) imply that 


A 


Pee ae eee >q” 
R(i-q) 


(9) q> 


2This is true since the function g”~!(1—q) reaches 
its maximum at the value q=n— 1/n (see also fn. 1). 
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Noting that Inq <0, then n* must satisfy 


(10) ps aL Eg <<! 


H5] al Ez] 


Condition (10) is sufficient for a global max- 
imum, since the second differential is every- 
where negative. That is 


(1) APH (n)=ATI(n)- AT(n—1) 
=Rq"(1—q)-A—Rqg" (1—g)+A 


=Rq"~'(1—q)(q-}) 


= — Rg” (1 —-q} <0 for any n 


From condition (10), the importance of 
q’s size in determining the optimal n is 
evident. We see that as g increases from 
zero, there is a point above which /n[.A/ 
(R(1—q))] becomes positive,? which in turn 
forces the upper bound on n* to fall below 
one.* In this event, the firm views the pro- 
ject as unprofitable and no team is assigned 
to work on it. The above reasoning also tells 
us that for at least one team to be employed, 
we should have in[ A /(RO— q))] <0, namely 
A/R(-q)<1 or RU-q)—A>0), i.e., the 
project must have positive net. present, value. 

Finally, recall that the optimal number of 
teams n* is the same under the assumption 
of certain R, and under the assumption that 
R is a random variable when the firm’s goal 
is to maximize its expected net present value. 
This identity becomes transparent once we 
recall that the net present value is (1 — q”)R 
—nA, and the expected net present value is 
given by (1—q”)E(R)—nA (see equations 
(5) and (21)). 


>This critical point is given by gq=1—(A/R), where 
A/R<1, otherwise the project is not worth consider- 


ing. 
“aRecall that In g<0. 
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C. The Change in n* Due to Parameter 
Changes 


Let us turn to the analysis of the eco- 
nomic factors which determine the optimal 
number of teams, n*. This analysis relies on 
the inequality given in (10). Define 


(12) pal 2) ol ai | 


=( z= |[n4-nR-n(1-4)] 


From (10), the higher B, the higher n*. 
Therefore to understand how a parameter 
change affects n*, one needs only study the 
effect of that parameter change on B. As 
one suspects, 








(13) 
BE a Qe e 
3A A(Ing) ° ƏR -R(Ing) 


An increase in per team cost or a decrease 
in project profitability tends to reduce the 
optimal number of teams. 

With regard to a change in g 


(14) 


a TaaP g ar RID, 
ða {mg?Pl0-4)] @ | RU) 


So the sign of 0B/dq is determined by the 
sign of the bracketed terms. Because we 
assume the project is expected to be profita- 
ble for at least one team, i.e., R(1 —q)—A > 











0, then 
1 A 
-=Í >0 
q Ee | 
but ing <0 
(1—4) 


Therefore the effect on n* of an increase in 
q is ambiguous. The best one can do is state 
the condition under which dn* /dq>0. From 
(14), the condition is 
A 
15) ging—(i-—q) | epena | >0 
A Ra) 
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or 


(16) q| 20-2) IES 


H. Risk Analysis 


Even if a team is successful in develop- 
ment, the final product’s future income is a 
random variable, consequently the product’s 
present value, symbolized by R in previous 
sections, can no longer be assumed known 
but must be considered a random variable. 
This uncertainty with respect to the payoff 
from successful development constitutes one 
type. of risk. The other risk associated with 
product development is that none of the n* 
teams will succeed and no new produci will 
be forthcoming. When tke above risks are 
explicitly considered, what constitutes an 
optimal strategy? We anzlyze this issue by 
employing stochastic dominance criteria and 
the well-known mean-variance rule. 


A. Stochastic Dominance 


In this section we make use of two theo- 
rems on ordering preferences under risk. 
Both theorems have been grouped under the. 
heading of stochastic dominance. We begin 
by defining new notation, state the two the- 
orems, and then proceed with the analysis. 

Without loss of generality we assume that 
the firm faces a decision o? employing either 
n, or n, teams, where n,>n,. We refer to a 
decision to employ n, teams as strategy 1 
and to a decision to employ n, teams as 
strategy 2. The net income from an invest- 
ment in R&D is a random variable which we 
denote y. Furthermore, denote F,(y) and 
F,(y), respectively, as the cumulative dis- 
tribution functions of the net present value 
of the random variable y. induced by em- 
ploying 1, or n, teams. 


THEOREM 1: First-Degree Stochastic Domi- 
nance (FSD). Given two cumulative proba- 
bility distributions F, and F,, strategy 1 will 
be preferred to strategy 2 by every expected 
utility maximizer, independent of the convex- 
ity or concavity of the utility function, if and 
only if F(y)< F,()) for all values y, and for 
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at least one y value the strict inequality F\(y) 
<F,(y) holds. 


(For proof of FSD see Josef Hadar and 
William Russell; Giora Hanoch and Levy, 
1969; and James Quirk and Rubin 
Saposnik.) 


THEOREM 2: Second-Degree Stochastic 
Dominance (SSD). Given two cumulative 
probability distributions F, and F,, strategy | 
will be preferred to strategy 2 by every ex- 
pected utility maximizer with a concave utility 
function, if and only if 


f [A@-FO]ar>0 


for all y, and the strict inequality holds for at 
least one y value. 


(For proof of SSD see Peter Fishburn, 
Hadar and Russell; Hanoch and Levy, 1969; 
and Michael Rothschild and Joseph Stiglitz.) 

Assume that the probability density func- 
tion of the project’s present value, excluding 
development costs, is given by 


(17) g(R)= | re a 


oo 


where f 9(R)dR= [ ” A(R)dR=1 
o0 0 


If a development program using n teams is 
unsuccessful, that event having probability 
q”, then the project’s net present value y 
equals —nA; on the other hand, if the pro- 
gram is successful, the probability of that 
event being 1—g”, then the y random varia- 
ble is R—nA. Since the success (or failure) 
of the development process is independent 
of the present value random variable R, the 
net present value y can be described by the 
following mixed distribution? 


0 y<-—nd 
(18) f(y)= q” y=—nA 
(l—q")h(y+nd) y>—nd 


5Obviously, f- fbd =q" +(1-@") 


x f° MRMR=4"+(1—4")=1 
0 
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The cumulative distribution of y under 
the general strategy n is then given by 


(19) 
0 yond 
F(y)= q” y= —nA 
g”+(1—q")H(y tnd) y>-—nd 


where  H(y-+nA)=H(R)= f * h(t) dt 
0 


As n increases, —nA decreases, and the 
entire distribution F(y) shifts to the left. 
Moreover, q” decreases (since g<1) and 
l — q” correspondingly increases. 

Consider three alternative strategies n}, 


Na, and nz, where n,>n,>n,. Using (19) 


we plot the corresponding cumulative dis- 
tributions in Figure 1. As we see from Fig- 
ure 1, no strategy can dominate a strategy 
with a lower n either by FSD (since 
F(—n,A)<F(—n,A) and F(—n,A)< 
F,(—n,A)) or by SSD, since 


[OTA -AOa<o 
and [TRO -BO Jao 


However, a given strategy n may dominate a 
strategy with a higher n. Figure 1 illustrates 
a case where strategy n, dominates n, by 
FSD, since F\(y)<¥F,(y) for all y and a 
strict inequality obtains for y> —n,A. 
Strategy n; may also dominate n, by SSD, 
but not by FSD (since the two cumulative 
distributions F, and F, intersect.) The only 
way to determine whether strategy n; dom- 
inates n, by SSD is to calculate the (alge- 
braic) area between the two curves, that is, 
to apply the SSD rule directly. 

In order to calculate the relevant area, 
one has first to find all the intersection 
points between the two cumulative distribu- 
tions under consideration. In Figure 1, we 
demonstrate a case where F, and F, inter- 
sect only twice. In this case, if the negative 
area which is between ~n,A and yoy is 
smaller than the positive area between the 


Recall that the net present value is y=R—nA, hence 


R=y-+na as stated in equation (18). 
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Fy =qn2 e(1-q"2vH(y+n,A) 
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Ry) q™+(1-g™)H(y+n,A) 






Yo 


FIGURE 1. THE CUMULATIVE DISTRIBUTIONS OF NET PRESENT VALUE 
OF STRATEGIES 7); Na; Na(Ni < R2 <3) 


two curves over the range (— nA, —n,A), 
we can conclude that F,(y) dominates F,(y) 
by SSD. Though for some distributions of R 
(for example, a uniform distribution) it can 
readily be seen that either there is no inter- 
section at all (for example, F,(y) and F,(y) 
in Figure 1), or if the cumulative distribu- 
tions cross, then there must be exactly two 
intersection points (as for F(y) and F(y) 
in Figure 1), such assertion is not true in 
general, and two cumulative distributions 
may intersect any number of times. Thus, in 
general, in order to establish dominance one 
has to analyze the specific distribution of R 
in the relevant case. Finally, if R is given 
such that there is only one intersection be- 
tween the two distributions under considera- 
tion, then F,(y) dominates F,(y) by SSD if 
and only if the expected net profit by F,(y) 
is greater than the expected nei profit by 
Fv). The distribution F,\(y) dominates 
E,(y) for all concave utility functions since 
SSD is equivalent in this case to the simple 
rule: the mean of F,(») is greater than the 
mean of F,(y). In general, given two distri- 
butions F,, F with mean values pi, pz, Tre- 
spectively, such that for some yg < 00, A < F, 
for y <y (and F, <F, for some y; <yp) and 
F, > F, for y > yo, then F; dominates F, (for 
all concave utility functions, i.e., SSD) if 
and only if p, > u2. (The proof of this state- 
ment is presented in Hanoch and Levy, 1969, 
p. 371.) 

Using some of the properties of SSÐ ef- 
ficiency, we can determine the efficient set 


of strategies. A strategy n; is included in the 
efficient set if there is no other strategy 
which dominates it. First, a necessary condi- 
tion for FSD and SSD is that the dominated 
strategy have a lower expected return.° 
Therefore, the strategy that provides the 
highest expected return, symbolized by n*, 
is undominated. Does strategy n* dominate 
any other strategy? Recalling the reasoning 
used in previous paragraphs to prove that 
strategy n,(>n;) cannot dominate n,, we 
conclude by the same reasoning that n* 
cannot dominate (either by FSD or SSD) 
any strategy n where n<n*. Thus, all the 
strategies n,<n* are FSD as well as SSD 
efficient in the sense that there is no strategy 
which dominates n, either by FSD or by 
SSD." What about strategies n,;>n*? It is 
obvious that there is no strategy n, which 
dominates any of the strategies n; < n*, since 


SLet u(y)=y, where u(-) denotes utility function, be 
a member of the class of utility unctions for which the 
FSD and the SSD theorems hcld. If F, dominates F, 
by FSD or SSD, then 


[ var, >f" “var, 


Thus 2; >, is a necessary condition for FSD and 
SSD. 

7Since expected profit monotonically increases with 
n up to n*, then by the same argument used to prove 
that n* cannot be dominated by n<n* we know that 
any two strategies n} and n4. n3<n,<n*, cannot 
dominate each other. 
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FSD efficient set 


SSD efficient set 


r n -~ number of teams 


FIGURE 2. EFFICIENCY STRATEGY SET BY FIRST- AND SECOND-DEGREE 
STOCHASTIC DOMINANCE RULES 


the cumulative distribution of n, starts fur- 
ther to the left than any cumulative distribu- 
tion of n;. However, n* (or any other n;) 
may dominate one or all distributions of n; 
either by FSD or by SSD. Such dominance 
is possible since, on the one hand, n* is the 
strategy with the highest expected net pres- 
ent value (this stems from equation (10), 
since the analysis in the certainty case is 
equivalent to an analysis involving maxima- 
tion of the expected net present value), and, 
on the other hand, the cumulative distribu- 
tion of n* starts farther to the right than the 
cumulative distribution of n,. In ordér to see 
if such dominance exists, one has to apply 
directly either the FSD or the SSD rule and 
compare n* with all other strategies n,. 
However, while all strategies n, < n* are FSD 
(as well as SSD) efficient, for n,>n* the 
efficient sets of strategies deved by FSD 
and SSD rules do not coincide. Figure 2 
illustrates such a possibility when the SSD 
efficient set is smaller than the FSD efficient 
set. 


B. Mean-Variance Analysis 


Almost all of the risk-return efficiency 
analysis of economic decision making has 
been done under more restrictive assump- 
tions: 1) the attributes of any risky strategy 
are completely defined by the strategy’s. ex- 
pected return and variance of return; and 2) 


the decision maker views expected return 
favorably and variance unfavorably. We 
now investigate what can be said about the 
n-efficient set in mean-variance space. 

Since the return y.from a strategy n is 
R—nA with probability (i—q") and —nd 
with probability q”, the expected dollar re- 
turn y is given by 


(20) 
E(y)=(1-q") 
x f (R-nA)h(R) dR-q"-(nA) 
or | | 
(21) 


E(y)=(1-q")[ E(R)—nA ]—q"(nA) 
=(I—q")E(R)—nA 


®The mean-variance rule is quite convenient to apply. 
However, one can safely apply this rule if one either 
assumes normal probability distributions with risk 
aversion or quadratic utility functions. (See Harry 
Markowitz, 1952, 1959; James Tobin, 1958; Nelson, 
1961.) It. is worth mentioning that in the quadratic 
utility case the mean-variance criterion is only a suffi- 
cient rule. (See Hanoch and Levy, 1970.) In a recent 
dispute with regard to the theoretical validity of the 
mean-variance rule, see Levy and Tsiang, and on its 
empirical approximation to a maximization of a direct 
expected utility, see Levy and Markowitz. 
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The variance of o7(y) is derived as follows: 
(22) 


o%(y)= f [R-nd—-(1—q")E(R)+nA 
x (1—g")h(R) dR 
+[-nd—(1—-g")E(R)+nA]}°q” 
=(1-4") f [(R-E(R)) 
+q"E(R)]h(R) aR 
+(1—g")"[ E(R)]°q” 
=(1—q")o7(R)+[ E(R)]? 
x [(1-g")q7"-+q"—29?"+.g°"| 


=(1—9")[ 0(R) +q°[ E(R) J] 


From the analysis in Section II we know 
that E(y») reaches a maximum at some n, 
labelled n*. What about o7(y)? Partially 
differentiating o*(y) with respect to n, we 
obtain 





(23) 
PO) _ ging) o°(R)+9"E(R) | 
+(1—4")q"(ing)[ E(R)]’ 
=[-q"ng]o*(R)+q"(ing) 
x [E(R)]}*[ 1-47-47] 


(24) 20) grin g]o%(R) 


+q"(Ing)[ E(R)]°[1-29"] 


Since Ing<0 and q”<1, the first term on 
the right-hand side of (24) is positive while 
the second term is ambiguous; consequently 
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the sign of 007(y)/dn in general is ambigu- 
cus at any n. However, if [1—2q”] which 
appears on the right-hand side of (24) 
is negative then one can determine that 
do*(y)/dn>O0. This implies that d07(y)/dn 
>0 if 1<2qg” or ning>Ini/2. Recalling 
that Ing is negative, the condition for a 
positive sign in (24) is n</n1/2/inq. Thus, 
what one has to do is to calculate the posi- 
tive number. /n1 /2/Inq which we dencte by 
n**, Compare n** to n*, which is the strategy 
with the higher expected return. If n**>n* 
one can conclude that in the range n*<n< 
n**, E(y) decreases and o7*(y) increases 
with an increase in n, and hence all the 
strategies of n such that n*<n<n** are 
dominated by strategy n*. 

If, on the other hand, we find that n** < 
n*, no further general prcgress can be made 
toward the derivation of the n-team efficient 
set in E(y)—o*(y) space. Nevertheless, 
given estimates of q, pp. and op, one can 
obtain the efficient (u,,3,) set by a num- 
erical analysis; the efficient set generated 
will, of course, vary with the values of the q, 
ep, and Op parameters. 


Ill. Concluding Remarks 


Working on research and development 
can be carried out by using many alterna- 
tive production functions. However, in many 
cases the firm estimates the number of 
people and the required resources needed by 
one investigating team for a predetermined 
time period. Looking at the costs and the 
potential revenues that may result from dis- 
covery, the firm may decide to go ahead 
with the project. If this is the case, should 
the firm add another investigating team? 
Assuming certainty, or that the firm’s objec- 
tive function is to maximize expected net 
present value, we solve for the optimal num- 
ber of teams that should be employed and 
analyze the impact of changes in the rele- 
vant parameters on the optimal number of 
teams to employ. Obviously, the higher the 
potential net present value of the new prod- 
uct, apart from development costs, and the 
lower the investigating cost per team, the 
higher the optimal number of teams that 
should be employed. The impact of a change 
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in the probability of discovery of a new 
product by each team on the optimal solu- 
tion is somewhat ambiguous: because of 
counterforces, given two projects identical 
in all respects except in the probability of 
success, it is not clear a priori which project 
should employ the larger number of teams. 

Extending the analysis to incorporate 
uncertainty yields a range of efficient 
strategies from which the firm should select 
(subjectively) the optimal strategy. In this 
analysis we assume either risk aversion and 
use stochastic dominance criteria, or that 
the firm works in a mean-variance frame- 
work. The first screening of inefficient 
strategies under the above rules is a function 
of the estimated present value, the investi- 
gating cost per team as well as each team’s 
discovery probability. 

Given a subjective function of the poten- 
tial profit from the new discovery G.e., (R), 
one can use it to derive more explicitly the 
SSD as well as the mean-variance efficient 
sets of strategies, from which the firm’s 
management should select its optimal 
strategy and thus determine the optimal in- 
vestment in research and development. 
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Loschian Competition under Alternative 
Demand Conditions 


By Bruce L. BENSON* 


Theoretical examination of the pricing be- 
havior of firms competing in a spatial set- 
ting indicates that many of the conclusions 
of classical price theory are altered as the 
cost of distance becomes significant.’ An 
assumption about entrepreneurial behavior 
is an integral component of these models of 
spatial competition (see Greenhut, Hwang, 
and Ohta). The traditional spatial model 
follows the Léschian assumption in location 
theory— that entrepreneurs price as if they 
are monopolists within their market areas.” 
Recently however, this Léschian assumption 
has been questioned.’ For example, Green- 
hut, Hwang, and Ohta noted that unex- 
pected conclusions derived in spatial price 
theory stem, in part, from this behavioral 
reaction assumption. Capozza and Van 
‘Order further contended that the Léschian 
assumption does not accurately depict en- 
trepreneurial behavior. They concluded that 
another assumption concerning entrepre- 
neurial behavior “...is closer to the way 
firms behave in most real world situations” 
(p. 896). 

Capozza and Van Order proposed to in- 
vestigate the extent to which spatial price 
theory replicates the results of spaceless price 
theory with free entry. To this end, they 
offered five “... intuitively appealing prop- 
erties [or characteristics] of nonspatial com- 
petitive theory...”(p. 897) which they felt a 


*Assistant professor of economics, Pennsylvania 
State University. I wish to thank M. L. Greenhut and 
an anonymous referee for helpful comments and 
suggestions. 

'For example, see Melvin Greenhut, Ming Jeng 
Hwang and Hiroshi Ohta; Dennis Capozza and Kazem 
Attaran; Capozza and Robert Van Order; and my 
forthcoming paper. 

2For example, see Edwin Mills and Michael Lav; 
Greenhut (1971); John Hartwick; Nicholas Stern; 
among others. 

3For example, see Greenhut, Hwang, and Ohta; 
Capozza and Van Order. 
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reasonable model of spatial competition 
should obey: 


1) As transport costs approach zero, 
perfect competition should be ap- 
proached and price skould approach 
marginal cost. 

_ 2) As fixed costs approach zero, 
concentrated production is less essen- 
tial; spatial monopoly power is 
diminished: and again price should 
approach marginal cost.. 

3) As costs (fixed, marginal, or 
transportation) rise, prize should rise. 

4) As demand density rises, firms 
should be able to take advantage of 
economies of scale. Price should fall in 
the long run. 

5) As more firms enter the industry, 
there should be increased competition 
and price should fall. [p. 897] 


Capozza and Van Order analyzed three 
models of spatial competition with these 
characteristics as the critezia for acceptance 


or rejection. They apparently felt that 


entrepreneurial behavior was the crucial as- 
sumption in a spatial competition model, 
since, while developing their models, they 
proposed: “The final assumption, upon which 
our results depend, concerns the reaction of a 
firm to a change ih a competitor’s price” (p. 
898, emphasis added). In fact, the only 
difference between their three models was 
the entrepreneurial behzvior assumption 
employed in each. Capozza and Van Order 
claimed that Léschian competition violates 
all the above characteristics!* Actually, 
however, the characteristics can be derived 


4Capozza and Van Order argued that the ap- 
propriate assumption is that each entrepreneur believes 
that all other entrepreneurs will leave their own loca- 
tion and price unchanged—the Hotelling-Smithies as- 
sumption. They rejected both Loschian and Greenhut- 
Ohta behavior. The Greenhut-Ohta assumption is that 
each entrepreneur assumes the price at the edge of his 
market area is fixed (see Greenhut, Hwang, and Ohta). 
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for a Léschian competitor simply by alter- 
ing another assumption used by Capozza 
and Van Order (C-V). 

The purposes of the following presenta- 
tion are to demonstrate that: 1) the C-V 
rejection of Léschian competition is not 
warranted, at least for the reasons they pre- 
sented; and 2) the entrepreneurial behavior 
assumption is not the only crucial assump- 
tion in a model of spatial competition. The 
Léschian assumption produces results which 
violate the C-V characteristics, only when 
used with the assumption they made con- 
cerning individual demand. Léschian com- 
petition does not violate the characteristics 
when the shape of individual consumer de- 
mand functions is altered. Note the follow- 
ing discussion is not designed to change the 
C-V assumptions. Rather, it is presented to 
challenge one of their main conclusions— 
the rejection of Léschian competition. Fur- 
thermore, the amendment below does not 
imply agreement that the C-V properties are 
necessarily the only ones a spatial model 
should obey, nor does it imply agreement 
that a spatial model should obey all five of 
them.° 


I. Assumptions for Two Models 
of Léschian Competition 


Capozza and Van Order proposed several 
assumptions which are followed here, in- 
cluding: 


ASSUMPTION 1: A single commodity is 
produced by all firms and all firms have iden- 
tical cost functions. 


ASSUMPTION 2: The cost function is 
(1) C=f+cQ 


where Ọ is output, C is total production cost, f 
is fixed cost, and c is marginal cost. 


SAN five characteristics are actually intuitively unap- 
pealing when put in a spatial context (see my 1979a 
paper). The characteristics are based upon spaceless 
competition where alteration of any one parameter 
effects only supply or demand. I have demonstrated 
elsewhere (1979a) that both costs (supply) and demand 
are impacted when these parameters change in spatial 
competition. 
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ASSUMPTION 3: Transport cost per unit of 
distance is identical between any two points 
and equal to t dollars per unit. 


ASSUMPTION 4: Firms can enter freely and 
will do so until all economic profits disappear. 


Two additional assumptions proposed by 
Capozza and Van Order will be slightly 
altered: 


ASSUMPTION 5: Potential consumers oc- 
cupy a homogeneous unbounded linear space 
of uniform density D. 


ASSUMPTION 6: All market areas consist 
of segments of this linear space. 


Capozza and Van Order chose to work 
with a plain and with circular markets. The 
use of linear markets alters the magnitude of 
the values that are obtained (i.e., profit- 
maximizing price) but the general conclu- 
sions derived below continue to hold under 
the C-V market shape assumptions. Work- 
ing with the linear market, on the other 
hand, does substantially simplify the com- 
putations which follow. 

Léschian behavior characterizes the spa- 
tial entrepreneur. That is: 


ASSUMPTION 7: Each entrepreneur as- 
sumes his market area is fixed and prices as a 
monopolist within his space. 


Capozza and Van Order assumed that 
individual demand was linear, but this need 
not be the case. Let us start with a general 
demand function given by 

b 
(2) P+tu=a~—q* 
| x 
where P is mill price, g is demand per con- 


sumer, a and b are constants, and u is units 
of distance.® Now x can be varied to encom- 


6This general demand function has been used in 
other spatial pricing models. Several implications of 
this general function are noted in John Greenhut, 
Greenhut, and William Kelly, for example, but 
Loschian competition was not assumed in that paper. 
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pass a wide range of possible demand func- 
tions. For example, if x=1, the. demand 


function is linear and the C-V conclusions , ` 


would follow. If x>1, the function is con- 
vex upwards. With x<1, the function is 
concave upwards. The function is extremely 
' concave if x<0.’ If —1<x<0 and a=0, 
the function describes a constant elasticity 
demand curve. So x is the vital parameter in 
determining the shape of the individual’ de- 
mand curve. I must express individual de- 
mand in terms of g rather than: delivered 
price (P+iu) in order to obtain the aggre- 
gate market demand. This yields i 


©  g=[F(a-m Py] 


where u can vary from zero to U, the dis- 
tance to the boundary of a firm’s- market. 

Equation (3) describes an extremely gen- 
eral relationship for individual demand, as x 
can vary anywhere from --1 to +00 while 
still yielding stable equilibrium results. It is 
possible, however, to depict the general con- 
clusions for any Léschian type spatial firm 
with two values, of x: 


ASSUMPTION BA: x= 1 and individual de- 
mand is 


(4a) q7 ;(a~tu—P) 


ASSUMPTION 8B: x= 


—1/2 and individ- 
ual demand is : 


4) q=|-s5(a-m—P)| 


We can derive the C-V results with x= 1 
„and the derived relationships are. representa- 
tive of all x>0 (positive exponential de- 


TIt must be assumed that x> —1. If x< —1, there 
will be no profit-maximizing équilibrium, given the 
assumption. of constant marginal cost made earlier. 
Marginal revenue will be increasing if x< — 1, and any 
adjustment will move Producton away from the MR = 
MC level. l 


-of demand with x= 


¥=462D{ 
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-` mands). The comparative statics using x= 


— 1/2 are the same for all -1<x<0 (nega- 
tive oun demand). 


Il. Léschian Reactions uader Alternative 
Demand Conditions 


For x=1, the aggregate spatial demand ‘is 


(5) 0,=D f"5(a—m— Py 


(6)... Oe 


where Q, represents the aggregation of posi- 
tive. exponential demands. The aggregation 
1/2 provides - 


PEN U | ce g -2 
(5’) Q,-D J |- 55 (au —P)| du 


= l 
, —— 2 Taia mu A 
(6) Qn oe D(z aa} 


where Q, represents the aggregation of 
negative exponential demands. Profits are 
zero in the long run,-ie., 


(7) = Y=PQ-C=0 


Substituting (1) and (6) into (7) yields 


while (1) and (6’) into D provides — 
8) > 


l -© l o apes 
P-a Pay e)a 0 


The alternative Löschian profit-maximizing 
prices are obtained by maximizing (8) and 
(8^) with respect to price. Thus : 





(9) P=1/Xate)— : 
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TABLE 1— COMPARATIVE STATICS FOR LOSCHIAN COMPETITION 
UNDER ALTERNATIVE DEMAND CONDITIONS 


Parameter Change 


Marginal Cost 

Demand Density 

Fixed Costs 

Transport Cost per Unit 
of Geographic Distance 

Entry of New Firms 


when x=1, but 
(9) P,=c+|(c-a}U+(c-a} |? 


for x= — 1/2. ? 

Let us now examine Löschian competi- 
tion to see whether it is always inconsistent 
with the characteristics (C1—C5) which 
Capozza and Van Order set forth (the com- 
parative statics are summarized in Table 1): 

Cl) For x=1, the profit-maximizing 
price rises as transportation costs (f) de- 
crease. This contradicts Ci, as C-V noted. 
However, if x= — 1/2, the profit-maximizing 
price falls towards marginal cost as trans- 
portation costs decline. Characteristic 1 is 
satisfied only in part, however, by Léschian 
competition and negative exponential de- 
mand. Price does move in the direction that 
C-V argue it should as parameter t changes, 
but price does not approach marginal cost 
as £ approaches zero. 

Examination of the C-V model reveals 
perfect competition need not be the struc- 
ture of their industry even in a spaceless 
setting. Let t=0. Then the cost function 
(C-V’s as well as my equation (1)) results in 
spaceless imperfect competition or monop- 


8The behavioral assumption of Loschian competi- 
tion implies that 9U/dP=0 (see C-V). Similar prices 
were derived in Greenhut, Greenhut, and Kelly. 

9It should be pointed out that a in equations (4b), 
(5’), (6^), (89, and (9’) is not a price intercept as it is in 
(4a), (5), (6), (8), and (9). As P-»oo the function ap- 
proaches the price axis. The variable a is the asymptote 
of the curve, or the limit the function approaches as 
q->@. Also note that in order to have a positive value 
under the square root (c—a}>0, 


Loschian Reaction 
C-V Results (x=1)  x=—1/2 
+ + 
+ ait 
+ 
~~ + 
+ = 


oly.!° The large number of firms required 
for perfect competition necessitates each 
producing at a relatively small scale. Thus, 
price must be greater than marginal cost for 
survival (unless we assume each of a large 
number of firms produce and sell an infinite 
quantity). This long-run cost function has 
economies of scale (actually, increasing re- 
turns) over the entire range so we might 
expect some firms to expand the scale of 
their output and lower price. Other firms 
will therefore be forced out of the industry, 
and market structure approaches oligopoly 
or monopoly in this spaceless setting. Free 
entry prevents profit taking so one firm (or 
a few firms) may charge a price near margi- 
nal cost. Price falls because of scale econo- 
mies, not because of perfect competition. 
Furthermore, it is very unlikely that price 
would equal marginal cost. Also note that as 
long as ¢>0, a single firm (or a few firms) 
cannot crowd out all the others. As trans- 
port costs fall, profits are available and there 
is entry. Therefore it is conceivable that 
spatial competitors operate at smaller and 
smaller scales as transport costs fall and 


Another specification of costs has been suggested 
which results in spatial firms producing efficiently in 
the long run (see Greenhut, 1971; Ohta, 1976). Justice 
cannot be done to their interesting arguments here. 
Briefly however, the spatial entrepreneur has a required 
return or opportunity cost because he conceives of only 
a few nearby rivals as his primary competition. As in 
classical oligopoly theory, he must take the uncertain 
reaction of these rivals into account when making 
decisions. It follows that price may exceed marginal 
production costs (where production costs do not in- 
clude the subjective required return to the en- 
trepreneur}, but production is efficient when the en- 
trepreneur’s opportunity costs are taken into account. 
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market shares shrink. A rise in price should 
not be surprising when there are economies 
of scale over the entire range of output.!! 
However, the pricing reaction to changing 
transportation costs is in the direction that 
Capozza and Van Order argue it should be 
when x= — 1/2. 

C2) The reactions to changes in fixed 
costs are also quite different when x= — 1/2 
instead of unity. For x= 1, price does rise as 
fixed costs fall. However, if x= — 1/2, price 
falls as fixed cost decreases (0P,/df>0 in 
equation (8’)). The C-V directional require- 
ment is fulfilled under this demand condi- 
tion. The limit requirement is not however, 
since price does not approach marginal cost 
as f—0. 

As fixed costs fall, scale economies be- 
come less significant. However, as long as 
fixed costs are positive, one firm (or a few 
firms) can produce more efficiently than a 
large number of firms. Thus, in a spaceless 
setting we would expect imperfect competi- 
tion or monopoly as long as f>0. Of course, 
an attempt to reap all monopoly profits 
leads to entry, but it is doubtful that price 
would approach marginal cost, given f>0. 
In the limit, of course, with f=0, free entry 
implies price equals marginal production 
cost in a spaceless setting. Thus, this criti- 
cism of Léschian competition based on C2 
appears to remain valid in part. Even though 
the comparative statics of Léschian compe- 
tition with x= — 1/2 match those desired by 
Capozza and Van Order, price does not 
equal marginal cost in the f=0 limit. How- 
ever, I have demonstrated elsewhere (1979b) 
that price should not equal site-specific 
marginal production costs as long as t>0. 
Price should exceed plant marginal costs in 
order to cover society’s costs which result 
from the availability of multiple locations. 
Multiple locations are desirable, of course, 
because society’s transport costs are reduced 
with each additional location and effective 
(or net) demand increases. If price equals. 


11 Actually, of course, things are not quite this sim- 
ple. Shares of existing demand shrink, but as transport 
costs fall, effective demand rises. Whether firms oper- 
ate at a larger or smaller scale depends upon the 
elasticity of firm demand. This point is discussed later. 
It is also examined in more detail in my 1979a paper. 
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site-specific marginal prcduction costs, so- 
ciety’s transport costs are relatively high be- 
cause a relatively small number of locations 
are available.” In other words, an individ- 
ual firm’s costs and revenues do not account 
for all the social costs and benefits resulting 
from spatial competition. So price should 
equal plant marginal production costs only 
when f and t are both zero; that is, when 
space is irrelevant. 

C3) As marginal costs rise, the Léschian 
competitor will raise his price just as C-V 
argue. Note 0P,/dc in 2quation (9), and 
dP, /dc in equation (9’) are obviously both 
positive.’ 

C4) The Léschian price reaction to a 
change in density (D) also depends on the 
shape of the individual demand curve. When 
demand is linear (x=1) price will increase 
with an increase in density. A higher density. ` 
permits smaller market areas and the ag- 
gregate demand becomes more inelastic 
when the market area shrinks under an x= 1. 
However, when demand is the negative 
exponential (i.e, x= —1/2), price falls as 
density increases. The aggregate demand 
becomes more elastic when the extent of the 
market is reduced in size end x= — 1/2 (see 
Greenhut, Greenhut, and Kelly).”* 

C5) As firms enter the industry, the 
market area shrinks (U becomes smaller). 
As U becomes smaller, the mill price rises if 
x=1, but fails when x is — 1/2. 

How is it that the shape of the individual 
demand function can cause such different 
results in a spatial world? The individual 
buyer’s demand certainly does not play a 
significant role in spaceless economics. Yet 
apparently .it does in spatial microeco- 
nomics. 

12% fact, free entry and Loschian behavior lead to 


the socially efficient price and number of plants (see 
my 1979b paper). Price equals the full marginal cost of 


production including plant-specitic costs and the in- 


crease in costs due to multiple locations. 

Capozza and Van Order argued that 3P,/de is 
ambiguous. This is true when there is a positive fixed 
cost (i.e, when we use equation (8)). The relationship is 
not ambiguous, however, when the assumption of zero 
fixed cost in the long run is made -> . 

4The elasticity of spatial aggregate demand under 
alternative demand conditions is discussed below, in 
the context of the relationships of price to density, 
transport costs, and entry of new firms. 
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FIGURE 1, NET INDIvipUAL DEMANDS AND 
CHANGING ELASTICITY FOR x= 1 


The underlying reason for the different 
results observed here is the difference be- 
tween spatial and spaceless aggregate de- 
mand. The price received by the firm in 
spaceless economics equals the price paid by 
the consumer. Spatial consumers, however, 
incur buying costs in addition to the price 
paid to the seller.” Producers are therefore 
subject to demand elasticity that relates to 
the net market price (net of transportation 
costs), not the total price paid by consumers 
(delivered price). The price paid by con- 
sumers differs from the price received by 
. producers. 

Elasticity at any given price increases 
when transportation costs are subtracted 
from a linear gross individual demand curve 
to obtain net demand (the relevant demand 
from the seller’s point of view). The elastic- 
ity of gross demand (D,) at price P in 
Figure 1 is less than the elasticity at price P 
of the demand that is net of transportation 
costs (Dy) (Eg< Ey). These relations apply 
to any gross demand with x>0. However, 
the elasticity at a given price decreases as 
transportation costs are subtracted from any 
gross demand of the concavity given by 


>For a discussion of the difference between spatial 


and spaceless aggregate demand, see Greenhut (1978). 
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FIGURE 2. NET INDIVIDUAL DEMANDS AND 
CHANGING ELASTICITY FOR x = — 1/2 


—~1<x<0 (as Eg>E,y at price P m 
Figure 2). 

Elasticity of aggregate demand increases 
at any price as more distant consumers are 
added and x>0. Elasticity of aggregate de- 


- mand falls, however, as more distant con- 


sumers are added and —i1<x<0, because 
successively more and more inelastic de- 
mands at a given common price are being 
added to the total. 

Anything which causes a spatial firm to 
lose or gain distant consumers changes the 
elasticity of the aggregate demand faced by 
the firm. For example, the impact of entry 
of a new competitor at a distance is to take 
away the most elastic demand for the rep- 
resentative seller when x>0. The aggregate 
demand left for that seller is less elastic than 
was the original demand. The resulting price 
effect is upward as Capozza and Van Order 
noted. However, when —1<x<0 applies, 
distant competition removes the least elastic 
demands from the representative seller’s 
market space. The remaining aggregate de- 
mand is then more elastic than was the 
original aggregate demand. The price effect 
in this case, contrary to.Capozza and Van 
Order, is downward. 
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We can now see more clearly why changes 
in costs or demand density have the effects 
noted in Table 1. If transportation costs fall, 
elasticity of net demand for consumers at 
each point in the geographic space will de- 
crease when x>0. The resulting aggregate 
demand is less elastic and the price effect is 
upward. The opposite is true if —1<x<0. 
In that event, the elasticity of individual net 
demands increases, the aggregate demand 
becomes more elastic, and the price effect is 
downward. 

A similar argument applies to changes in 
density. Capozza and Van Order observed 
that “higher density permits smaller market 
areas” and “the spatial demand curve is 
more elastic for smaller market radii” (p. 
902). A higher density will lead to short run 
profits and entry. The market areas of ex- 
isting firms shrink and the spatial aggregate 
demand is indeed more inelastic for smaller 
markets if x>0. However, if ~1<x<0Q, 
demand becomes more elastic as markets 
become smaller. Therefore, price rises when 
x=1, but falls when —1<x<0. 

When fixed costs rise, each firm faces 
losses. There is exit and the market areas of 
remaining firms expand. Elasticity of ag- 
gregate demand increases as distant buyers 
are added and x>0. The price effect is 
downward. The opposite is true, however, 
for —1<x<0. Elasticity decreases as dis- 
tant buyers are added in this case, and the 
price effect is upward. 

Alternative specifications of demand have 
an impact on theoretical pricing policies be- 
cause of the effect on the elasticity of actual 
aggregate demand for spatial competitors. 
All that the alternative behavior assump- 
tions really do is change the elasticity of 
each firm’s perceived demand (see Greenhut, 


Hwang, and Ohta). A Léschian competitor. 


views his demand as more inelastic than 


does the Hotelling-Smithies entrepreneur | 


that Capozza and Van Order maintain is 
“...closer to the way most firms behave. in 
most real world situations” (p. 896).'° When 


1SIn fact, as Ohta (1980) has noted, the Loschian 
competitor’s perceived demand is his actual demand 
following entry. The Hotelling-Smithies (and Greenhut- 
Ohta) demands are perceived demands which are be- 
lieved to be more elastic than the actual Loschian 
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we realize that alternative demand assump- 
tions and alternative behavioral assump- 
tions are just altering the demand elasticities 
to which a firm reacts, it is not surprising to 
find that we can obtain similar results by 
varying either assumption. 


II. Conclusions 


Each of the C-V “intuitively appealing 
properties” apply to Léschian competition 
when demand is negative exponential in 
form.” It follows that one cannot reject 
Léschian competition for the reasons given 
by Capozza and Van Order. Perhaps one 
should reject linear (or positive exponential) 
demand instead? Of course not, At least 
three models predict similar results. Capozza 
and Van Order prefer linear demand and 
Hotelling-Smithies behavior on the part of 
entrepreneurs. Greenhut, Hwang, and Ohta 
proposed positive exponential demand and 
Greenhut-Ohta behavior. Here we assume 
negative exponential demand and Léschian 
competition. To accept one and reject the 
others requires detailed analysis of all the 
consequences of each model, (as well as any 


demand. Thus the Loschian assumption might be re- 
stated as, “...firms recognize the actual demand they 
face and profit maximize accordingly” (my 1979a paper, 
p. 24). Hotelling-Smithies (and Greenhut-Ohta) compe- 
tition imply that entrepreneurs are ignorant of their 
actual demand situation and never learn, even with 
continued entry and many observations. 

7A ctually, of course, character:stics 1 and 2 are only 
met in part. The comparative statics are those desired 
by C-V. However, the limiting requirements (that price 
approach marginal cost as ¢ or f approach zero) are not 
met. I maintain that these limiting requirements need 
not be met in a spaceless world either, however, be- 
cause the cost function specified ky C-V has economies 
of scale over the entire range of output. Market struc- 
ture is more likely to be monopoly or oligopoly than 
perfect competition under such cost conditions. Thus, 
C-V try to force a spatial model to match the results of 
spaceless perfect competition when their assumptions 
would prevent perfect competition in a spaceless set-- 
ting. For more on this argument see my 1979a paper. 
Furthermore, I argue elsewhere that price should ex- 
ceed plant-specific marginal production costs as long as 
t>0 (see my 1979b paper). This results because of 
additional social costs and benefits that occur in spatial 
competition which are not accounted for by individual 
firms. So, even though the limit requirements are not 
met for characteristics 1 and 2, I maintain that they 
should not be met. 
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others that might be proposed) including 
empirical testing.'* Until this is effected, one 
cannot accept any particular assumption 
concerning entrepreneurial behavior (or in- 
dividual spatial demand) as being superior 
to any other assumption.’? One can only 
stipulate that there are at least two crucial 
assumptions in a model of spatial competi- 
tion, and probably many more.” 


18The Greenhut-Ohta assumption of entrepreneurial 
reactions was not discussed here. This does not mean 
that C-V’s questioning of the Greenhut-Ohta model is 
accepted. Rather, their model has many desired char- 
acteristics which require separate examination. 

19Neither C-V’s preferred model nor the model dis- 
cussed here will conform completely with spaceless 
economic conclusions. Inclusion of costly distance still 
results in many conclusions which contradict classical 
spaceless economic predictions. We have developed 
spatial models which conform in some ways with space- 
less economics then, but this does not imply that space 
is not deserving of considerable attention by micro- 
economists. 

2For example, both this model and the C-V model 
assumed constant marginal costs. However, allowing 
for increasing (and/or decreasing) marginal costs will 
also affect price reactions (see Greenhut, Greenhut, 
and Kelly). 
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NOTES 


The ninety-fourth annual meeting of the American 
Economic Association will be held in Washington, DC, 
December 28-30, 1981. The Professional Placement 
Service will be open December 27-30. 


Cali for Papers for the 1981 Meetings: 

Members wishing to give papers or make sugges- 
tions for the program for the meetings to be held in 
Washington, December 28-30, 1981, are invited to 
send their ideas to Professor Gardner Ackley, Econom- 
ics Department, University of Michigan, Ann Arbor, 
MI 48109. As in the past, the sessions sponsored by the 
American Economic Association will be of two types: 
invited papers and contributed papers. Most of the 
invited papers -will be published in the Papers and 
Proceedings issue to.appear in May 1982; the contrib- 
uted papers will not be so published. Suggestions of 
topics or proposals of papers for the invited sessions 
should be submitted as soon as possible. Abstracts of 
proposed contributed papers must be received no later 
than March I, 1981. Econometric studies or highly 
mathematical papers are not appropriate for the ses- 
sions sponsored by the American Economic Associa- 
tion. However, members wishing to present economet- 
ric papers may submit their proposals or abstracts to 
the Econometric Society which meets with the Ameri- 
can Economic Association, and normally schedules a 
number of sessions involving such papers. 


The Division of Information Science and Technol- 
ogy of the National Science Foundation supports 
studies of the role of information in the economy. 
General topics include but are not limiteé to: model- 
ling of information flow at various levels of aggrega- 
tion; development of relevant measures and empirical 
techniques, studies of the comparative complementarity 
and substitutability of information versus noninforma- 
tion inputs; characterization of scientific and technical 
information as an input in production and as‘a prod- 
uct; economies óf scale in the production. dissemina- 
tion and use of information, and the resulting market 
structures; and the joint use of information by firms, 
industries and nations, and the properties of the result- 
ing structural arrangements. Proposals may be sub- 
mitted at any time. ‘Approximately six montis is needed 
for review and ‘processing of proposals. Additional’ in- 
formation may be obtained by writing to the Division 
of Information Science and Technology, National Sci- 
ence Foundation, 1800 G Street, NW, Washington, DC 
20550 or by calling the Division at 202 + 357-9569. 


The Postal Rate Commission, an independent federal 
regulatory agency, announces the initiation of a doc- 


toral dissertation program designed to encourage doc- 
toral candidates of varied academic disciplines to direct 
their studies toward the analysis of postal issues and ` 
problems. The Rate Commission will provide funds to 
doctoral candidates at accredited. institutions of higher 
learning who desire to pursue uninterrupted, full-time 
research in various areas of interest related to the US, 
postal system. For further information, write Doctoral 
Dissertation Grant Board, Office of Technical Analysis 
and Planning, Postal Rate Commission, 2000 L Street, 
NW, Suite 500, Washington, DC 20268. 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings held 
outside the United States, Mexico, and Canada that are 
concerned with the humanistic espects of their disci- 
pline are eligible to apply for smell travel grants of the 


' American Council of Learned Societies. Financial 


assistance is limited to air fare between major com- 
mercial airports and will not exceed one-half of pro- 
jected economy-class fare. Social scientists and legal 
scholars who specialize in the history or philosophy of 
their disciplines are eligible if the meeting they wish to 
attend is so oriented. Applicants must hold a Ph.D. 
degree or its equivalent, and must be citizens or perma- 
nent residents of the United States. To be eligible, 
proposed meetings must be broadly international in 
sponsorship or participation, or both. The deadlines for 
applications to- be received in the ACLS office are: 
meetings scheduled between July and October, March 
1; for meetings scheduled between November and 
February, July 1; for meetings scheduled between 
March and June, November 1. Please request applica- 
tion forms by writing directly to the ACLS (Attention: 
Travel Grant Program), 345 East 46th St., New York, 
NY 10017, setting forth the name, dates, place, and 
sponsorship of the meeting, as well as a brief statement 
describing the nature of your proposed role in the 
meeting. Even when plans are incomplete, a prospec- 
tive applicant should request forms in advance of the 
cut-off date, since deadlines are firm and no exceptions 
are permitted. Awards will be announced approxi- 
mately two months after each deadline. 


The Visiting Lecturer Program in Statistics is con- 
tinuing into its eighteenth successive year, and is avail- 
able to American and Canadian schools. The program 
is sponsored jointly by the American Statistical Associ- 
ation, the Biometric Society, and the Institute of 
Mathematical Statistics. Leading teachers and research 
workers in statistics from universities, industry, and 
government participate as lecturers. Topics include sub- 
jects in experimental and theoretical Statistics, as well 
as in such related areas as probability theory, informa- 
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tion theory, and stochastic models in the physical, 
biological, and social sciences. The purpose of the 
program is to provide information to students and 
college faculty about the nature and scope of modern 
Statistics, and to provide advice about careers, graduate 
study, and college curricula in statistics. Inquiries 
should be addressed to Barry C. Arnold, Chair, Visiting 
Lecture Program in Statistics, Department of Statistics, 
University of California, Riverside, CA 92521. 


The ninth annual Telecommunications Policy Re- 
search Conference will be held April 26-29, 1981. It 
will provide a forum for analysis and discussion of 
important telecommunications policy issues. Partici- 
pants will include researchers and policymakers from 
academia, government, and industry. Authors of papers 
selected for presentation will be reimbursed for travel 
and conference living expenses if no alternative source 
of funding is available. Send proposals and inquiries to 
TPRC Organizing Committee, Att. William E. Taylor, 
Bell Laboratories 2C-258, 600 Mountain Avenue, Mur- 
ray Hill, New Jersey 07974. 


The P. W. S. Andrews Memorial Prize is awarded 
annually for an essay by a young scholar (under the 
age of 30 or within eight years of taking his/her first 
degree) in the general field of Industrial Economics 
and the Theory of the Firm, broadly interpreted. The 
prize is £300 (or the ‘equivalent in other currency) and 
the winning essay will normally be published in The 
Journal of Industrial Economics. Submissions should be 
original research by the candidate only, not previously 
published, and not previously awarded any other prize. 
They should be in English, and should not normally 
exceed 10,000 words. The closing date for entries is 
December 31 in each year. Details -may be obtained 
from the Administrative Officer, Office for Student 
and College Affairs, University House, University of 
Lancaster, Lancaster, LA] 4YW, England. 


The third Conference on Major International Eco- 
nomic Issues will be held at the University of Southern 
California, June 13-14, 1981. The theme is Multina- 
tional Corporations in a Growing World Economy. 
Submit proposals and inquiries to Professor Nake M. 
Kamrany, Department of Economics, University of 
Southern California, Los Angeles, CA 90007. 


The annual meeting of the Rocky Mountain Associ- 
ation for Slavic Studies will be held in conjunction with 
the Western Social Science Association meeting, April 
23-25, 1981, in San Diego, California. It will focus on 
Slavic studies (the USSR and Eastern Europe) and 
communist studies (no geographical limitation). Submit 
proposals and inquiries to Don Chenoweth, Depart- 
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ment of Social Science, Cameron University, Lawton, 
Oklahoma 73505. 


The Population Reference Bureau announces a new 
Visiting Scholar Program for demographers and other 
population specialists. An annual fellowship will be 
awarded to a qualified mid-career demographer/popu- 
lation specialist. The person selected will be stationed 
at the Washington office of the Bureau for one 
academic year or, in certain circumstances, one semes- 
ter. He or she will be expected to develop and complete 
a specific demographic research project resulting in one 
or more PRB publications dealing at least in part with 
policy implications, domestic or international. Inter- 
ested persons should contact the Committee on the 
Visiting Scholar Program, PRB, 1337 Connecticut 
Avenue, NW, Washington, DC 20036 (telephone 
202 + 785-4664). 


The theme of the December 1981 issue of the Review 
of Social Economy will be “John Maurice Clark— Social 
Economist.” Papers are cordially invited and should be 
sent to the Editor, RSE, DePaul University, 25 E. 
Jackson Blvd, Chicago, Illinois 60604 no later than 
February 15, 1981. A fee of $20 is required to partially 
cover the cost of processing; members of the Associa- 
tion for Social Economics are entitled to submit one 
manuscript a year without charge. 


The fourth International Time-Series Meeting 
(ITSM) will be held in Valencia, Spain, June 22-26, 
1981. For further information, contact Oliver Ander- 
son, ITSM Spain, 9 Ingham Grove, Lenton Gardens, 
Nottingham NG7 2LQ, England. 


The Southern Regional Science Association will hold 
its next meetings in Washington, DC, April 14-16, 
1981. For further information, contact Dr. Richard 
Olsen, Program Chairman, Applied Business Research, 
Inc., 20 LaFayette Circle, Wellesley, MA 02181. 


The S. S. Huebner Foundation for Insurance Educa- 
tion, a nonprofit foundation affiliated with the Univer- 
sity of Pennsylvania, is sponsoring its sixth annual 
research grants competition. The grants are intended to 
support research in the field of risk and insurance. 
Full-time faculty members at colleges and universities 
in the United States and Canada are eligible to apply 
for grants. Applicants should hold a terminal degree 
such as Ph.D. or D.B.A., a law degree, or be a fellow of 
an actuarial society. Among the general topic areas 
which will be considered for grants are risk theory, 
consumer demand for insurance, risk management, 
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health insurance, other methods of health care fi- 
nancing, social insurance programs, international in- 
surance issues, insurance law, and insurance regulation. 
Grants are available from the Foundation in amounts 
up to $10,000. Proposals must be submitted by March 
i, 1981, and the grants will be awarded by June 1, 
1981. Additional information regarding the program 
can be obtained by writing to Dr. J. David Cummins, 
Associate Director, S. S. Huebner Foundation for In- 
surance Education, Colonial Penn Center, 3641 Locust 
Walk CE, Philadelphia, PA 19104. 


The Economic Forum is pleased to announce the 
third annual Rasmussen Prize Essay in Political Econ- 
omy. The winner of this award will receive $500 and 
publication in the Summer 1981 issue of the Economic 
Forum. The essay competition is open to all students 
who submit manuscripts on any area in economics. The 
submission deadline is April 1, 1981. Ramchandran 
Jaikumar (The Wharton School) and Edward M. Oc- 
hoa (The New School for Social Research) were chosen 
joint winners of the second Rasmussen Prize Essay 
competition; their articles and an announcement of the 
essay competition appear in the Summer 1980 issue of 
the Economic Forum. For additional information, con- 
tact Editor, Economic Forum, University of Utah, Salt 
Lake City, Utah 84112. 


Omicron Delta Epsilon, The International Honor 
Society in Economics, invites the sumbission of entries 
for the thirteenth annual Irving Fisher Graduate 
Monograph and Frank W. Taussig Award Under- 
graduate Competitions. The Fisher Award consists of 
$1,000 and publication as a book by Princeton Univer- 
sity Press, subject to approval of its editorial board. In 
addition, the winner will be invited to submit a paper 
based on the winning entry to the American Economic 
Review. The recommendations of the Final Selection 
Board of the Competition will be considered by the 
Review in the refereeing process. All finalists will be 
invited to submit a paper for publication in The 
American Economist. The Taussig Award consists of 
$250 to the winner, $100 to his/her chapter, and publi- 
cation of the paper in The American Economist. Entries 
for the Fisher Award should be submitted to Depart- 
mental Selection Committees by January 1, 198] and 
entries for the Taussig Award by May 15, 1981, They 
will be judged by the International Editorial Board and 
finalists by the Final Selection Board, consisting of 
` Professors John S. Chipman, Carl F. Christ, James 
Mirrlees, Arnold Zeliner, and Egon Neuberger (editor). 
Anyone interested in entering the competitions should 
contact E. Neuberger, Editor, Department of Econom- 
ics, State University of New York, Stony Brook, NY 
11794, for information on entrance requirements. 


The John M. Olin Fellowship Program in Law and 
Economics, administered by the Law and Economics 
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Center at Emory University, is accepting applications 
for the class entering in August 1981. The three-year 
program leads to the Doctor of Law degree and is 
designed for highly motivated individuals with a strong 
foundation in graduate microeconomics and its appli- 
cation. The course of study prepares fellows for schol- 
arly work in various fields of law and economics and 
opens new career oportunities ir the law. An increasing 
proportion of successful candidates have the Ph.D. and 
have been teaching. Individuals who will have passed 
the preliminary examinations fcr the Ph.D. by August 
1981 are also encouraged to: apply and to plan to 
complete their dissertation while in residence at Emory 
University. Five fellowships are available each year. 
These provide full tuition and fees (currently about 
$4,600 per year) plus stipends of at least $8,000 per 
year ($7,000 per year for fellows without the Ph.D.) Up 
to five additional Fellowships of lesser amounts may 
also be offered each year. Deadline for submitting 
applications is February 1, 1981. Awards are an- 
nounced by April 1, 1981. Cancidates must apply sep- 
arately to the School of Law and should take the Law 
School Admissions Test no later than December 1980. 
For more information write to John M. Olin Fellow- 
ship Program, Law and Economcs Center, Emory Uni- 
versity School of Law, Atalnta, GA 30322. 


The Carolina Population Center invites applications 
for a small number of postdcctoral fellowships for 
1981-82 for population research training in the follow- 
ing fields: sociology, psychology, economics, anthro- 
pology, epidemiology, and maternal and child health. 
Postdoctoral programs of the following types will be 
considered: (1) Specialized train:ng in the discipline of 
the applicant’s doctorate for those holding doctorates 
involving population research training; (2) Training in 
a second discipline for those with doctorates involving 
population research training; (3) Individualized in- 
terdisciplinary programs for those with doctorates 
which may (but need not) involve population research 
training. Applicants must be U.S. citizens or permanent 
residents of the United States. The application deadline 
is February 1, 1981. Direct inquiries to J. Richard 
Udry, Director, Carolina Population Center, University 
of North Carolina, Chapel Hill, NC 27514. 


The Center for Asian Economic Research is spon- 
soring a conference on April 16-17, 1981, at the New 
Brunswick campus of the State University of New 
Jersey. The theme is “Asian-American Economic Rela- 
tions.” Invitees from Asian countries and the United 
States will confer on topics such as: trade; trade bar- 
riers; investments—private and public; multinationals— 
Asian and American; economic zrowth; income redis- 
tribution; social change. Please address all communica- 
tions to Professor M. Dutta, Director, Center for Asian 
Economic Research, Rutgers University, 180 College 
Avenue, New Brunswick, NJ 08993. 
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The fifth biannual Arne Ryde Symposium, “The 
Economics of Social Insurance,” is being arranged by 
the Department of Economics at the University of 
Lund, to be held in September 1981. The focus will be 
on theories, policies, and institutions concerning social 
insurance. .Address all inquiries to Carl Hampus Lytt- 
kens, Department of Economics, Box 5137, S-220 05 
Lund, Sweden (telephone 046/ 108652). 


Deaths 


James R. Nelson, professor of economics, Amherst 
College, Apr. 30, 1980. 

Raymond P. Powell, professor of economics and 
Russian studies, Yale University, May 18, 1980. 


Retirements 


William Carroll, department of economics, Drew 
University. 

Charles Drake, Central Missouri State University: 
Visiting professor, department of economics, Southwest 
Missouri State University, 1980-81. 

Robert Triffin, professor, department of economics, 
Yale University, June 1980. 


Visiting Foreign Scholars 

Gideon Fishelson, Tel-Aviv University: visiting as- 
sociate professor, department of economics, Brown 
University. 

Gerhard Mensch, International Institute of Manage- 
ment, Berlin: visiting professor of economics and 
management, Case Western Reserve University, Sept. 
1980--May 1981. 

Bjorn Wahlroos, Swedish School of Economics and 
Business Administration: visiting assistant professor, 
department of economics, Brown University, Sept. 
1980-June 1981. 


Promotions 


Ashok Bhargava: professor of economics, University 
of Wisconsin-Whitewater, June 1980. 

George Borjas: associate professor, department of 
economics, ieee of California-Santa Barbara, July 
1, 1980. 

John J. Casson: vice president, corporate strategy 
and chief economist, American Express Company, Apr. 
30, 1980. 

Donald P. Cole: professor of economics, Drew Uni- 
versity, 

Robert M. Feinberg: associate professor of econom- 
ics, Pennsylvania State University, July 1, 1980. 

Morley K. Gunderson: professor of economics, Uni- 
versity of Toronto, July 1, 1980. 

Herbert Kaufman: professor of economics, Arizona 
State University, Aug. 20, 1980. 

Stephen LeRoy: associate professor, department of 
economics, University of California-Santa Barbara, July 
1, 1980. . 
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Lee McPheters: professor of economics, Arizona 
State University, Aug. 20, 1980. 

G. Franklin Mathewson: professor of economics, 
University of Toronto, July 1, 1980. 

Yash P. Mehra: associate professor of economics, 
Pennsylvania State University, July 1, 1980. 

Marc A. Miles: associate professor, department of 
economics, Rutgers College-New Brunswick, July 1, 
1980. 

Norman Mintz: senior vice president, Columbia 
University, July 1, 1980. 

Thomas M. Stevenson: professor of economics, St. 
Louis University, Sept. 1, 1980. 

Brian D. Wright: associate professor, department of 
economics, Yale University, July 1, 1980. 


Administrative Appointments 


Abby J. Cohen: vice president, T. Rowe Price As- 
sociates, Inc., Baltimore, Apr. 21, 1980. 

William B. Neenan, University of Michigan: dean, 
College of Arts and Sciences, Boston College, June 2, 
1980. 

Walter Nicholson: chairman, department of eco- 
nomics, Amherst College, July 1, 1980. 

Rama V. Ramachandran: chairman, department of 
economics, Southern Methodist University, July 1980. 

Sidney I. Simon: chairperson, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980. 

Irving J. Spitzberg, Jr., State University of New 
York-Buffalo: general secretary, American Association 
of University Professors, July 1, 1980. 

Patrick J. Welch: chairman, department of econom- 
ics, St. Louis University, July 1, 1980. 


Appointments 


Leslie A. Austin: instructor, department of econom- 
ics, Rutgers College-New Brunswick, July 1, 1980. 

Seymour D. Barcun: lecturer, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980. 

James T. Barrese: instructor, department of econom- 


| ics, Rutgers College-New Brunswick, July 1, 1980. 


David B. Crary: assistant professor, department of 
economics, Eastern Michigan University, Sept. 1, 1980. 

Fred Curtis: instructor, department of economics, 
Drew University. 

Allen Dalton, Virginia Polytechnic Institute and 
State University: assistant professor of economics, 
Arizona State University, Aug. 20, 1980. 

Gregory L. Dow, University of Michigan: assistant 
professor, department of economics, Yale University, 
July 1980. 

Zvi Eckstein, University of Minnesota: assistant 
professor, department of economics, Yale University, 
July 1980. 

Susan F. Feiner: visiting assistant professor, depart- 
ment of economics, College of William and Mary, Sept. 
1980. 

Ronald E. Grieson, Princeton University: professor 
of economics, University of California-Santa Cruz, July 
1, 1980. 

Louis H. Henry: visiting associate professor, depart- 
ment of economics, College of William and Mary, Sept. 
1980. 
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Paul D. Holtberg: instructor, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980, 

Russell A. Janis: assistant professor of economics, 
Amherst College, July 1, 1980. 

Christiana Kelton, University of Wisconsin: assis- 
tant professor of economics, Case Western Reserve 
University, Sept. 1980. 

John Kennan, Brown University: department of 
economics, University of Iowa. 

Chongyoul Kim: instructor, department of econom- 
ics, Rutgers College-New Brunswick, July 1, 1980. 

Gary D. Koppenhaver, University of Iowa: assistant 
professor, department of economics, Southern Method- 
ist University, Fall 1980. 

Laurence J. Kotlikoff, University of California-Los 
Angeles: assistant professor, department of economics, 
Yale University, July 1980. 

Kasibhatla Krishnamoorti: instructor, department 
of economics, Rutgers College-New Brunswick, July 1, 
1980. 

David T. Levy: instructor, department of econom- 
ics, Rutgers College-New Brunswick, July 1, 1980. 

Marc Lieberman, Princeton University: assistant 
professor of economics, University of California-Santa 
Cruz, July 1, 1980. 

Anuradha Luther, Stanford University: assistant 
professor of economics, University of California-Santa 
Cruz, July 1, 1980. 

Gordon McMeekin, GE TEMPO: assistant profes- 
sor of economics, Case Western Reserve University, 
June 1980. 

Michael Melvin, University of California-Los An- 
geles: assistant professor of economics, Arizona State 
University, Aug. 20, 1980. 

Jose Mendez, Southern Methodist University: assis- 
tant professor of economics, Arizona State University, 
Aug. 20, 1980. 

Ezra J. Mishan:. professor of economics, Colgate 
University, fall 1980. 

Peter J. Montiel, Florida International University: 
visiting assistant professor, Amherst College, July 1, 
1980. 

Kemper Moreland: assistant professor, economics 
department, Eastern Michigan University, Sept. 1, 1980. 

Peggy B. Musgrave, Vassar College: professor of 
economics, University of California-Santa Cruz, July 1, 
1980. 

Richard A. Musgrave, Harvard University: adjunct 
professor of economics, University of California-Santa 
Cruz, July 1, 1980. 

William B. Neenan, University of Michigan: profes- 
sor of economics, Boston College, June 2, 1980. 

Hiam Ofek: associate professor of ecanomics, Col- 
gate University, 1980-81. 

Charles Ofori-Mensa: instructor, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980. 

Milton Pappas, Johns Hopkins University: depart- 
ment of economics, Pennsylvania State University, Sept. 
1, 1980. 

William C. Perkins: instructor, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980. 

Susan Pozo, Michigan State University: department 
of economics, Pennsylvania State University, Sept. 1, 
1980. 
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Louis Putterman, Yale University: assistant profes- 
sor, department of economics, Brown University. 

William J. Reid, Jr.: visiticg assistant professor, 
department of economics, College of William and Mary, 
Sept. 1980. . 

Mark J. Roberts, University of Wisconsin: depart- 
ment of economics, Pennsylvania State University, Sept. 
1, 1980. 

Scott Saunders: assistant professor of economics, | 
Colgate University. 

Barry Schachter: instructor, Cepartment of econom- 
ics, Rutgers College-New Brunswick, July 1, 1980. 

John Schroeter, University of Minnesota: assistant 
professor of economics, Arizona State University, Aug. 
20, 1980. 

Rosalind Seneca: associate professor, department of 
economics, Drew University. 

Douglas R. Shaller: instructcr, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980. 

David Shapiro, Ohio State University: department 
of economics, Pennsylvania Stace University, Sept. 1, 
1980. 

Joel Sobel: assistant professcr, department of eco- 
nomics, University of California-San Diego, July 1, 
1980. 

James B, Stewart, University of Notre Dame: de- 
partment of economics, Pennsylvania State University, 
Sept. 1, 1980. 

Roswell G. Townsend, Wilson College: professor of 
economics, Chatam College. 

Hiroki Tsurumi, Rutgers University: visiting profes- 
sor, department of economics, Pennsylvania State Uni- 
versity, Sept. 1, 1980. 

Eugene N. White: instructor, department of eco- 
nomics, Rutgers College-New Brunswick, July 1, 1980. 

Halbert White, University of Rochester: associate 
professor, department of economics, University of 
California-San Diego, July 1, 19€0. 

Willard E. Witte, Pennsylvania State University: 
visiting assistant professor, Indiana University, July 1, 
1980-June 30, 1981. 


Leaves for Special Appointment 


Ralph E. Beals, Amherst College: Harvard Institute 
for International Development, adviser to the Ministry 
of Finance, Government of Indonesia, 1980-82. 

Peter J. Coughlin, Stanford University: postdoctoral 
research fellow, Oxford University, 1980-81. 

Michael Duffy, Arizona State University: Center for 
Naval Analysis. 

Michael Greenwood, Arizona State University: Uni- 
versity of Colorado, Aug. 20, 1980. 

William Poole, Brown University: Reserve Bank of 
Australia, Sydney, July 1, 1980—Tuly 1, 1981. 

George Provenzano, University of Illinois: Office of 
Strategic Assessments and Spec.al Studies, U.S. En-. 
vironmental Protection Agency, 1980-81. 

Michael J. Wasylenko, Pennsylvania State Univer- 
sity: U.S. Department of Housing, June 1980—June 
1981. 

Nancy Wentzler, Pennsylvania State University: 
Brookings Institution Fellowshiz Program, Sept. 1, 
1980- Aug. 31, 1981. 


VOL. 70 NO. 5 


Resignations — 


Mary Ann Baily, Yale University: staff economist, : 


President’s Commission, Study of Ethics in Medicine 

and Biomedical and Behavioral Research, July 1980. 
Richard N. Cooper, Yale University: Harvard Uni- 

versity, Dec. 31, 1979. 

_  - Sylvester R. Damus, University of Winnipeg: Eco- 
nomic Council of Canada, Ottawa, Sept. 1, 1980. 
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Klaus Friedrich, Pennsylvania State University: 
economist, Division of International Finance, Board of 
Governors of the Federal Reserve System, July 1, 1980. 

Paul R. Krugman, Yale University: associate profes- 
sor, Massachusetts Institute of Technology, July 1980. 

Thomas Layman, Arizona State University: Crocker 
Bank, San Francisco, Aug. 1, 1980. 

John M. Quigley, Yale Univeristy: professor of pub- 
lic policy, University of California-Berkeley, June 1980, 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 
A. Please use the following categories: 


| Deaths 

2-— Retirements 

3--~-Foreign Scholars (visiting the USA or Canada) 
4-- Promotions 

5—-Administrative Appointments 


6-—~New Appointments 

7-~Leaves for Special aa (NOT Sabbaticals) 
§~—-- Resignations 

9 Miscellaneous 


B. Please give the name of the individual (SMITH, Jane W.), her present place of employment or enrollment: 
her new title (if any), and the date at which the change will occur. 


C. Type each item on a separate 35 card and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, October 15; June, saa 15; September, April 15; 
December, July 15. 


This announcement supersedes and replaces a letter which was sent annually from the managing editor’s office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Editorial Office, 
University of California, Los Angeles, CA 90024. 


Effective January 1, 1981, Association membership dues for 1981, which include a subscription to both the 
American Economic Review and the Journal of Economic Literature, are as follows: $30.00 for regular members with 
rank of assistant professor or lower, or with annual income of $14,400 or less; $36.00 for regular members with rank 
of associate professor, or with annual income of $14,400 to $24,000; $42.00 for regular members with rank of full 
professor, or with annual income above $24,000; $15.00 for junior members (registered students). Certification must 
be submitted yearly. 
Subscriptions (libraries, institutions, or firms) are $100.00 a year. Only subscriptions to both publications will be 
accepted. Single copies of either journal may be purchased from the Secretary’s office, Nashville, Tennessee. In 
countries other than the United States, add $5.00 to cover extra postage. 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1981 issue of the Review will carry the seventy-eighth list of-doctoral dissertations in political 
economy in American universities and colleges. The list will specify doctoral degrees conferred.during the academic 
year terminating June 1981. This announcement is an invitation to send us information for zhe preparation of the 
list. This announcement supersedes and replaces a letter which was sent annually from the menaging editor’s cffice. 


The Review will publish in its December 1981 issue the names of those who will have been awarded the doctoral 
degree since June 1980 and the titles of their dissertations. Dissertation abstracts will no lenger be published, as 
these are published elsewhere. 


By June 30, please send us this information on 35 cards, conforming to the style shown below, one card for 
each individual. Please indicate by a classification: number in the right-hand corner the fiei'd in which the thesis 
should be classified. The classification system is that used by the Journal of Economic Literature and printed in every 
issue. : z 


JEL Classification No. 
Name: LAST NAME IN CAPS: First Name, Initial 
Institution Granting Degree: 


Degree Conferred (Ph.D. or D.B.A..) 


» Dissertation Title: 





` When degrees in economics are awarded under different names, such as Business Administration, Public 
Administration, of Industrial Relations, candidates in these fields whose training has been primarily in economics 
should be included. 

All items and information should be sent to the Assistant Editor, American Economic Review, Editorial Office, 
University of California, Los Anges CA 90024. 


The following Sisiatient of Ownership, Management, and Circulation is provided in accordance with the 
requirements, as contained in 39 U.S. Code 3685. The American Economic Review is owned, managed, and published 
by the American Economic Association, a nonprofit educational organization, located at 1313 21st Avenue So., 
Nashville, Davidson County, Tennessee 37212. The Managing Editor is Professor George H. Borts, American 
Economic Review, Brown University, Robinson Hall, Providence, RI 02912. During the preceding 12 months the 
_ average number of copies printed for each issue was 27,539, the average paid circulation, 24,479; the average free 
' distribution, 400; the average number of copies distributed, 24,879. Corresponding figures for the last issue before 
filing: 27,500 total number copies, printed; 24,136 total paid circulation; 400 nee copies distributed; 24,536 total 
- distribution. 


1112 


SEVENTY-SEVENTH LIST OF DOCTORAL DISSERTATIONS IN 
POLITICAL ECONOMY IN AMERICAN UNIVERSITIES AND COLLEGES 


The present list specifies doctoral degrees conferred during the academic year terminating June 1980 


General Economics; including Economic Theory 
History of Thought, Methodology, 
Economic History, and Economic Systems 


Lerry D. ANDERSON, Ph.D. Northwestern 1980. The 
diffusion of technology in the nineteenth-century 
American city: Municipal water supply investments. 

KAZUHIRO ARAI, Ph.D. Illinois 1979. Expected cost- 
minimizing search and expected utility-maximizing 
search, 

Yves M. BAtcer, Ph.D. Massachusetts Institute of 
Technology 1980. Four essays in economics of un- 
certainty. 

PAULINA BEATO, Ph.D. Minnesota 1979, Marginal cost 
pricing and increasing returns. 

BIMAL K. Beri, Ph.D, Johns Hopkins 1980. A study of 
problems associated with transfer of wealth under 
conditions of uncertainty. 

GAUTAM BHATTACHARYA, Ph.D. Rochester 1980. Two 
essays in economics of uncertainty: The importance 
of learning in planning with exhaustible resources 
and optimality of equilibrium with incomplete 
markets. 

Forrest C. BiopGerr, Ph.D. Portland State 1979. 
Institutional economics and urban political econ- 
omy. 

Kim C. BORDER, Ph.D. Minnesota 1979. Social welfare 
functions and large economies. 

RANDALL L. CALVERT, Ph.D. California Institute of 
Technology 1980, On the role of imperfect informa- 

- tion in electoral politics. 

ANN M. Carros, Ph.D. Western Ontario 1980. The 
North American fur trade, 1804-21: A study in the 
life cycle of a duopoly. 

JEFFREY CARMICHAEL, Ph.D. Princeton 1979. The role 
of government financial policy in economic growth. 

Tuomas H. Cate, Ph.D. Florida State 1979. The intel- 
lectual origins of John Maynard Keynes’ policy rec- 
ommendations. 

Terry CHACON, Ph.D. California (San Diego) 1979. 
Public employment in a macro-economic model. 

SHEETAL K. CHAND, Ph.D. Western Ontario 1980. In- 
flation, unemployment, and neoclassical monetary 
equilibrium. 

Henry W. CHAPPELL, Ph.D. Yale 1979. The economics 
of campaign finance: An empirical study. 

ApHIp CHAUDHURI, Ph.D. Columbia 1980. Envy, dis- 
tributive justice, and social choice. 

Barry S. CLARK, Ph.D. Massachusetts 1980. Justice 
and economic theory. 
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RICHARD N. CLARKE, Ph.D. Harvard 1980. Differential 
game models of oligopoly: Static and dynamic; de- 
terministic and stochastic. 

SwAPAN K. Das Gupta, Ph.D. Rochester 1980. Three 
essays on intertemporal economics. 


SAMAR K. Darra, Ph.D. Rochester 1980. Choice of 
agricultural tenancy in the presence of uncertainty 
and transaction costs. 

TERENCE M. Dwyer, Ph.D. Harvard 1980. A history of 
the theory of land value taxation. 

Pur H. Dysvic, Ph.D. Yale 1979. Recovering addi- 
tive utility functions. 

TosHITAKA FUKIHARU, Ph.D. Rochester 1980. On the 
stability of the competitive economy. 

JOHN D. GRANAKOPLOS, Ph.D. Harvard 1980. Four 
essays on the model of Arrow and Debreu. 

JoeL C. Grppons, Ph.D. Chicago 1979. Flexibility in 
production and the theory of fixed capital. 

Genz D. GULL, Ph.D. Duke 1979. Structural change in 
the Soviet Union. 


MICHAEL J. HaLey, Ph.D. Pennsylvania 1979. A dy- 
namic theory of a firm that learns by doing. 


Fumio Hayasni, Ph.D. Harvard 1980. Rational expec- 
tations and the consumption function. 

ANNE R. Hornssy, Ph.D. Georgia State 1980. Shifts in 
the distribution of wealth among blacks in Georgia, 
1890-1915. 

JAVIER IGuiniz, Ph.D. New School 1980. Elements 
towards a more general theory of unequal exchange. 

LYLE D. ISRAELSEN, Ph.D. Massachusetts Institute of 
Technology 1980. The determinants of Russian state 
income, 1800-1914: An econometric analysis. 

ANTHONY JACKSON, Ph.D. Minnesota 1979. A domi- 
nance approach to optimal taxation. 

Mark S. KAMLET, Ph.D. California (Berkeley) 1980. 
Resource allocation in market-insulated bureaucra- 
cies: Two case studies. 

ARNOLD S. Kuiinc, Ph.D. Massachusetts Institute of 
Technology 1980. The cost to a firm of changing 
prices: A theory and its implications. 

Lewis A. KORNHAUSER, Ph.D. California (Berkeley) 
1980. Breach of contract in the presence of risk 
aversion, reliance, and reputation. 

CHARLES R. Larne, Ph.D. California (Davis) 1980. 
Selecting sets of alternatives: A comparison of voting 
schemes, 

WILLIAM R. Lasner, Ph.D. Southern Methodist 1979. 
Dynamic oligopolistic pricing strategies with learn- 
ing. 
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JOHN Laruror, Ph.D. Michigan 1979, Preferences for 
consumption streams over time: Some experimental 
results, 

Davip B. Lawrence, Ph.D. Iowa State 1979. The 
quantification of the value of information in decision 
making. 

Mark J. MACHINA, Ph.D. Massachusetts Institute of 
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tenance, and erosion of market power: An analysis 
of the dominant firm. 


CLIFFORD WINSTON, Ph.D. California (Berkeley) 1979. 


A disaggregated qualitative mode-choice model for. 


intercity freight transportation. 


Wum C. Woop, Ph.D. Virginia 1980. Nuclear liabil- 
ity, nuclear safety, and economic efficiency. 


Agriculture and Natural Resources 


AHMED H. AHMED, Ph.D, Ohio State 1980. Recent 
performance of rural financial markets in the Sudan, 
1965-79. 

VALENTINE J. AKENDA-ONDOGA, Ph.D. Cornell 1980. 
An economic study of production organization and 


labor use among smallholders of Nile Province, 
Uganda. 
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HOSSEIN AKHAVIPOUR, Ph.D. Kansas State 1979. As- 
sessment of benefits of Kansas water quality mana- 
- gement plan. 


Joyce E. ALLEN, Ph.D. Illinois 1980. An analysis of the 
Food Stamp Program: Policy decisions and house- 
hold food expenditure patterns. 


JOHN ANTLE, Ph.D. Chicago 1980. Human capital in- 
frastructure and technology choice in agricultural 
development. 


Jerrrey D. APLAND, Ph.D. Purdue 1979. A production- 
based analysis of regional crop residue supply for 
energy generation. l 


Davin APPEL, Ph.D. Rutgers 1980. Estimating the 
benefits of air quality improvement: A hedonic price 
index approach applied to the New York metropoli- 
tan area. l ; 


TuLio ARVALO-DURAN, Ph.D, Chicago 1979. Brazilian 
government policies in agriculture: The case of grains 
and soybeans. 


EDINALDO G. Bastos, Ph.D. Cornell 1980. Farming in 
the Brazilian Sertao: Social organization and eco- 
nomic behavior. 


SHASHANKA BHIDE, Ph.D. Iowa State 1980. A separable 
programming model incorporating linear demand 
functions for grains and vegetable oils: An analysis 
of U.S. agriculture in 1985. 

Jose V. BiserrA, Ph.D. Ohio State 1980. Uncertainty 
and decision analysis on large sharecropped farms in 
northeast Brazil. 

WILLIAM G. Boacess, Ph.D. Iowa 1979. Development 
and application of an interregional separable pro- 
gramming model of U.S. agriculture in 1985. 

Joun B. BrapEN, Ph.D. Wisconsin (Madison) 1979. 

` Natural gas from the Great Lakes: Economics, en- 
vironment, and policies, 

Harry E. BRAUTIGAM, Ph.D. Illinois 1980. Analysis of 
objectives of the development of the agricultural 
frontier of Nicaragua. 

LESLIE J. Butter, Ph.D. Michigan State 1979. Some 
aspects of agricultural price instability. 

Wvu-HstunGc CHEN, Ph.D. Illinois 1980. An economic 
study on government rice stock operation in Taiwan. 


GURPRIT CHHATWAL, Ph.D. Kansas State 1980. Disin- 
centive effect P.L. 480 wheat imports for India. 


Davip L. Cuicomer, Ph.D. Illinois 1979. Farmland 
values in an urban fringe: An analysis of market. 
data from Will County, Illinois. 


ASHOK K. CHOWDHURY, Ph.D. Iowa State 1980. Com- 
petitive partial equilibrium analysis of U.S. agricul- 
ture under alternative energy and export situations: 
Application of separable and chance constrained 
programming. . 

Eric W. CRAWFORD, Ph.D. Cornell 1980. A program- 
ming-simulation study of constraints affecting the - 
long-run income-earning ability of traditional dry- 
land farming systems in northern Nigeria. 


Ronatp E. Derrer, Ph.D. Ilinois 1979. U.S. dairy 
cooperative service behavior: An overview of the 
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North Central region and a case study of the Chicago 
market. 

GORANTLA Doraswamy, Ph.D. Cornell 1979. Mechani- 

` zation and its effect on the demand for and supply of 
agricultural labor in Chittoor District of India. 

EDGARDO D. DosayLa, Ph.D. Cornell 1979. A cross- 
section analysis of food consumption in the Philip- 
pines. 

DANEEL J. Dupek, Ph.D. California (Davis) 1979. Dy- 
namic analysis and control of agricultural land use. 
SEUNG YOUNG EARMME, Ph.D. Alberta 1979. A water 
use projection model for the North Saskatchewan 
River Basin, Alberta, 1980-85: An input-output ap- 

proach. 

Gary P. Enver, Ph.D. Cornell 1980. The development 
of road transportation in Nepal and its relationship 
to agricultural development. 

Francis M. Eppin, Ph.D. Iowa State 1979. Estimation 
and economic analysis of protein and energy utiliza- 
tion by beef steers. 

MERLIN W. Erickson, Ph.D. Nebraska (Lincoln) 1979, 
The economic impact of energy prices on crop pro- 
duction in southwest Nebraska. 

MARVIN FELDMAN, Ph.D. Wisconsin (Madison) 1979. 
Applications of decision analysis to Wisconsin 1979 
state energy conservation plan. 

Marco A. FERRONI, Ph.D. Cornell 1980. The urban 
bias of Peruvian food policy: Consequences and 
alternatives. 

ANDREW W., FOSHEE, Ph.D. Louisiana State 1980. 
Agrarian political economy: The order of ends and 
means. 

STEPHEN C. GABRIEL, Ph.D. Illinois 1979. Financial 
responses to changes in business risk on central 
Illinois grain farms. 

PETER N. GARDNER, Ph.D. British Columbia 1980. Op- 
timal management of the Fraser River sockeye 
salmon. 

CoLIN GELLATLY, Ph.D, North Carolina State 1979. 
Incorporating futures prices in commodity models: 
The U.S. broiler sector. 

WILLIAM GriSLey, Ph.D. Illinois 1980. Effect of risk 
and risk aversion on farm decision making: Farmers 
in northern Thailand. 

ARTHUR H. Gruse, Ph.D. North Carolina State 1979. 
Economic analysis of field scouting and insecticide 
use in cotton production. 

SULAFA J. HADEED, Ph.D. California (Santa Barbara) 
1979. A study of new contractual alternatives for the 
disposal of oil resources in the Middle East oil- 
producing countries. 

Bruce F. Har, Ph.D. California (Berkeley) 1978. An 
economic analysis of multiple job holding by farm 
operators. 

MICHAEL C. HaLse, D.B.A. Harvard 1979. The concept 
of conservation efficiency as applied to the Indian 
milk and food economy. 


Jonn D. Hanson, Ph.D. Iowa State 1980. An informa- 
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tion theory analysis of grades and grading with an 
applicatidn to beef cattle. 

PETER A. HARTMANN, Ph.D. Illinois 1979. The forward 
pricing efficiency of the live-hog futures market. 

Linpa L. Hupains, Ph.D. Hawaii 1980. An economic 
model of a fisheries market with endogenous supply: 
The Hawaii skipjack tuna case. 

Patricia Hutron, Ph.D. Wisconsin (Madison) 1980. 
U.S. dairy policy: A quantitative analysis of the 
post-World War II period. 

DONALD A. JOHNSON, Ph.D. Iowa State 1979. Invest- 
ment, production, and marketing strategies for an 
Iowa farmer-cattle feeder in a risky environment. 

GEORGE M. JouNSTON, Ph.D. Michigan State 1980. 
Rural to urban land conservation. 

KaNDICE H. Kani, Ph.D. North Carolina State 1979, 
An analysis of intertemporal basis movements. 

AMARJIT KAHLON, Ph.D. Kansas State 1980. Regional 
interstate varations in supply response for rice in 
India. 

Eppe H. Kaser, Ph.D. Iowa State 1979. An economic 
evaluation of alternative financial strategies used by 
beginning farmers to enter agriculture, 

ROBERT P. KinG, Ph.D. Michigan State 1979. Opera- 
tional techniques for applied decision analysis under 
uncertainty. 

Marvin L. Kiew, Ph.D. Michigan State 1979. An 
information system approach to the study of price 
data: A case study of the Michigan potato industry. 

RicHARD M. KLEMME, Ph.D. Purdue 1980. An eco- 
nomic analysis of the on-farm grain handling deci- 
sion problem. 

DaNNY A. KLINEFELTER, Ph.D. Illinois 1979. Optimal 
marketing strategies in response to uncertainty by 
Illinois grain farmers. 

STEVEN E. Krarr, Ph.D. Cornell 1980. Performance 
classification of New York soils: The farmer’s per- 
spective. 

Seon Lee, Ph.D. Cornell 1980. Stabilization of world 
primary product markets: An application of optimal 
control theory. 

ALFRED LEVINSON, Ph.D. California (Berkeley) 1978. 
Energy and materials in three sectors of the econ- 
omy: A dynamic model with technological change as 
an endogenous variable. 

Soer Lin, Ph.D. Carleton 1980. A macro-policy simu- 
lation model of the Canadian agricultural sector. 

Kerry K. LITZENBERG, Ph.D. Purdue 1979. An analy- 
sis of aggregation bias in quadratic spatial equilibrium 
models: An application to federal milk marketing 
orders. 

Ricuarp C. McGuniry, D.B.A. Harvard 1980. Techno- 
logical change and agribusiness structure: The beef 
system. 

J. Tuomas McGuckin, Ph.D. Wisconsin (Madison) 
1980. An economic assessment of alfalfa dewatering 
technology in Wisconsin. 


Juvirn L. MATTUELLA, Ph.D. Ohio State 1980. Eco- 
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nomic impact of alcohol production on agriculture in 
southern Brazil. 

Jupas T. G. Menpes, Ph.D. Ohio State 1980. Soybean 
marketing strategies: A portfolio analysis. 

ALPHONSE L. Meyer, Ph.D. Purdue 1980. Obstacles to 
carcass grade and weight marketing of livestock. 

Npbanusa B. MUJANDADI, Ph.D. Cornell 1980. Produc- 
tion efficiency on farms in northern Nigeria. 

Mark D. Newman, Ph.D. Michigan State 198C. An 
evaluation of the economic potential for coordina- 
tion of export marketing by U.S. farmer coopera- 
tives. 

Kent D. OLson, Ph.D. Iowa State 1979. The resource 
structure of U.S. agriculture: An economic analysis. 

MAHBOOBEH OrpOOBADI, Ph.D. Purdue 1980. A linear 
programming model for analyzing energy-economy 
interactions at the national and global levels. 

Patrick D. O'ROURKE, Purdue 1979. Pricing policies, 
and the firm and spatial market. 

Doucias H. Pacuico, Ph.D. Cornell 1980. Small 
farmer decision making: An economic analysis of 
three farming systems in the hills of Nepal. 

DONALD E. Parker, Ph.D. Wisconsin (Madison) 1979. 
Irrigation project performance and water distribution 
in the less-developed countries. 

GLENN D. PEDERSON, Ph.D. Michigan State 1980. A 
conceptualization and analysis of the distributional 
impacts of alternative agricultural credit policies. 

Puur W. Pepper, Ph.D. Illinois 1980. A U.S. corn 
stocks and consumption demand model. 

Barry PROM, Ph.D. Kansas State 1980. An L.P. simu- 
lation analysis of agricultural and rural development 
for the northwestern Kansas counties of Decatur, 
Rawlins, and Sheridan. 

VISWANATHA RAMACHANDRAN, Ph.D. North Carolina 
State 1979. The economics of farm tractorization in 
India. 

Grorce W. Reeves, Ph.D. California (Davis) 1979. 
Price stabilization, bilateral trade, and institutional 
constraints: The case of beef in Australia and the 
United States. 

JEONG J. Ruee, Ph.D. Iowa State 1980. The combina- 
tion of input-output analysis and linear programming 
for water resource management: An application to 
northwest Iowa. 

RoLanp K. Roserts, Ph.D. Iowa State 1979. Analysis 
of selected policy impacts on the U.S. livestock sec- 
tor by a five-commodity econometric stimulation. 
model. 

James D. ScHaus, Ph.D. North Carolina State 1979. A 
simultaneous equations model of multiple job-holding 
farmers with endogenous farm inputs. 

Rosert B. Scuwart, JR, Ph.D. Ohio State 1979. An 
economic analysis of fluid milk resale trade and price 
regulations in the thirteen North Central states. 

Ham Suatlt, Ph.D. California (Berkeley) 1978. Analy- 
sis of increasing farmland values. 


DECEMBER 1980 


JOHN SIEBERT, Ph.D. California (Berkeley) 1978. Al- 
monds, bees, and externalities in the California agri- 
‘cultural economy. | 

GURNEV SINGH, Ph.D. Illinois 1979. Operating capital 
use in relation to investment in depreciable assets on 

_ farm firms in central Punjab, India. 

KENNETH R. STOLLERY, Ph.D. Queens 1980. A theory 
of the exploration and production of minerals. 

Loren W. Tauer, Ph.D. Iowa State 1979. A liability 
management model for federal intermediate credit 
banks. 

Dav Terka, Ph.D. Californie (Berkeley) 1979. The 
revenue capacity of effluent charges on air and water 
pollution. 

Perer K. Tror, Ph.D. California (Davis) 1980. An 
economic analysis of the marketing orders fcr the 
California-Arizona orange industry. 

Tuomas F. Tice, Ph.D. Purdue 1979. An investigation 
of nitrogen application under uncertainty. 

Erir TRONDSEN, Ph.D. California (Santa Barbara) 
1979. Discretionary resource allocation: An eco- 
nomic analysis of the Norwegian North Sea leasing 
system for oil and gas. 

Jay D. Tucker, Ph.D. Michigan State 1979. The eco- 
nomic impact of rural road development on trans- 
portation assembly costs in agriculture. 

Netson J. Uppaw, Ph.D. North Carolina State 1979. 
Market analysis of the ccmponent pricing of 
soybeans. 

Henry N. WALLAcs III, Ph.D. California (Davis) 1979. 
Beet sugar in the United States: An econometric 
analysis of supply response. 

MICHAEL WATILEWORTH, Ph.D. California (Berkeley) 
1980. Agricultural developmest through technologi- 
cal change and diversification: An economic analysis 

_ of the rubber estate sector of peninsular Malaysia, 
1950’s to 1970's. 

ToRNG-CHUANG Wu, Ph.D. California (Davis) 1979. 
The demand for food in Tatwan. 

DAVID ZILBERMAN, Ph.D. California (Berkeley) 1979. A 
putty clay approach to environmental quality con- 
trol. 


Manpower, Laber, and Population; including 
Trade Unions and Collective Bargaining 


Dennis A. AHLBURG, Ph.D. Pernsylvania 1979. Alter- 
nate approaches to forecasting U.S. fertility. 


WILLIAM T. ALPERT, Ph.D. Columbia 1979. The eco- 
nomic determinants of private wage supplements. 


Teresa L. Amott, Ph.D. Boston College 1980. Three 
essays on occupational segregation. 


JEAN M. Batpwin, Ph.D. Massachusetts Institute of 
Technology 1980. The responsa of other wages to the 
minimum wage: A theory and empirical work. 


RICHARD BARICHELLO, Ph.D. Chicago 1209: Rural farm 
schooling decisions: Canada. 
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Evan W. BARRINGTON, Ph.D. Massachusetts Institute 
of Technology 1980. Mandatory retirement and the 
labor supply of older workers. 


Marx E. Bayless, Ph.D. Washington (St. Louis) 1979. 
The differential attractiveness of locations and the 
spatial pattern of wages: The case of university pro- 
fessors. 

Cart C. Brown, Ph.D. Oklahoma State 1979. An 
economic analysis of the GI Bill educational ben- 
efits: A study of Korean and post-Korean veterans. 

JAMES N. Brown, Ph.D. Chicago 1980. Employee risk 
aversion, income uncertainty, and optimal labor con- 
tracts. 

MARIAN V. BROWN, Ph.D. Stanford 1979. Retirement 
income and labor supply. 

RICHARD J. BUTLER, Ph.D. Chicago 1979. Black /white 
wage growth: A look at South Carolina production 
workers. 

JOHN S. CAMERON, Ph.D. Nebraska (Lincoln) 1979. 
U.S. professional manpower flows, financing, and 
inequalities. 

Tuomas J. CAMPBELL, Ph.D. Chicago 1980. Earnings 
difference between men and women in federal 
government employment. 

Harron M. Cuine, Ph.D. Princeton 1980. The impact 
of labor mobility and unemployment on the welfare 
of workers, 

Donap C. Cox, Ph.D. Brown 1980. The effects of 
career interruptions on the earnings of women: A 
longitudinal study. 

Davip L. CRAWFORD, Ph.D. Wisconsin (Madison) 1979. 
‘Extimating models of earnings from truncated sam- 
ples. 

GREGORY E. De Frerras, Ph.D. Columbia 1979. The 
earnings of immigrants in the American labor market. 

James N. Derrouzos, Ph.D. Stanford 1979. Union 
objectives, wage determination, and the International 
Typographical Union. 

Tuomas M. Dickey, Ph.D. Michigan State 1980. The 
Puerto Rico wage rate subsidy for agricultural labor. 

Juan Diez-Canepo-Ruiz, Ph.D. Massachusetts In- 
stitute of Technology 1980. A new view of Mexican 
migration to the United States. 

CLIFFORD B. Donn, Ph.D. Massachusetts Institute of 
Technology 1980. The history and economic policy 
of the Australian Council of Trade Unions. 

FRANKLIN T. Exper, Ph.D. Chicago 1980. Employment 
and labor force effects of changes in the federal 
minimum wage, 1966-78: A Box-Jenkins Approach. 

EVANGELOS M. FALARIS, Ph.D. Minnesota 1979. Migra- 
tion: A study of choice among discrete alternatives. 

Rupy H. FICHTENBAUM, Ph.D. Missouri (Columbia) 
1980. Earnings function specification and CETA 
program evaluation. 

ERROL A. Forpe, Ph.D, Illinois 1979, Labor absorption 
in the service sector of a developing economy: The 
case of Puerto Rico. 
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Maria E. Frere, Ph.D. California (Berkeley) 1979. 
Assessing the economic contribution of education: A 
study for the Portuguese industrial sector. 

GEORGE Futon, Ph.D. Michigan 1979. A regional 
econometric analysis of the Detroit labor market 
area. 

Otis W. GILLey, Ph.D. Purdue 1979. A theoretical and 
empirical investigation of the determinants of job 
search behavior. 

James H. GRANT, Ph.D. Michigan State 1979. Substitu- 
tion among labor, labor and capital in U.S. manufac- 
turing. 

Joun C. Ham, Ph.D. Princeton 1980. Three empirical 
essays on constraints in the labor market. 

MARGARET L. Hasumoro, Ph.D. Columbia 1979. The 
effect of industrial composition changes on the rela- 
tive demand for skilled labor. 


MELBA A. HILL, Ph.D. Duke 1980. Labor force par- 
ticipation of married women in urban Japan. 


MARTIN HornincG, Ph.D. Rutgers 1979. Nondisabled- 
disabled wage differentials: An empirical test for 
discrimination. 

Francis W.. Horvata, Ph.D. North Carolina (Chapel 
Hill) 1980. An economic analysis of migration in the 
United States: Repeat movements and families. 


Vincent J. Horz, Ph.D. Wisconsin (Madison) 1980. A 
theoretical and empirical model of fertility and mar- 
ried women’s allocation of time over the life cycle. 

JANET JOHNSON, Ph.D. Wisconsin (Madison) 1980. A 
job search model of household unemployment be- 
havior. 


Davin E. Keere, Ph.D. California (Berkeley) 1980. The 
fertility of women on welfare. 


RANDALL G. KESSELRING, Ph.D. Oklahoma 1980. A 
case analysis of Section B(a) (2) of the Taft-Hartley 
Act, 1950-1974, 

GEORGE A. Kerner, Ph.D. California (Los Angeles) 
1980. Human capital investment in alternative col- 
lege majors. 

CuHoonGsoo Km, Ph.D. Pennsylvania 1979. Three es- 
says on the youth labor market: Time-series studies 
of military enlistment, school enrollment, and unem- 
ployment. 


CHARLES T. KOgLLER, Ph.D. Rutgers 1979, A bargain- 
ing model of American wage determination. 

JAMES LAMBRINOS, Ph.D. Rutgers 1979. Health, income 
maintenance, and labor supply. 

Mark D. LANGE, Ph.D. Iowa State 1979. An economic 
analysis of time allocation and capital-labor ratios in 
household production of farm families in Iowa. 

SAMUEL A. Laposta, Ph.D. Pittsburgh 1979. The effect 
of imperfections in experience rating on seasonal - 
employment, 

DonaLtp A. Larson, Ph.D, Washington (St. Louis) 


1979. The components of nonmarket time and female 
labor supply patterns. 
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Jonn J. LAwLER, Ph.D. California (Berkeley) 1980. 
Interdependent wage adjustment in contract con- 
struction: The impact of intra-union power and 
market uncertainty. 


KAREN LeppeEL, Ph.D. Princeton 1980. The relations 
among child quality, family structure, and the value 
of the mother’s time. 


R. RODMAN LUDLOW, Ph.D. Purdue 1979. A human 
capital approach to first, repeat, and return migra- 
tion decisions of young men in the United States. 

VENKATA B. N. S. Mappurl, Ph.D. Alberta 1979. Eco- 
nomic analysis of fertility behavior in Canada: An 
examination of 1971 Census data. , 

Mark Mawr, Ph.D. New School 1980. Municipal labor 
relations in New York City, 1954-73. 

WILLiAM L. Moore, Ph.D. California (Berkeley) 1979. 
Determinants and outcomes of departmental power: 
A two-campus study. 

LAURENCE C. Morse, Ph.D. Princeton 1980. Essays on 
youth labor market problems. 

STEVEN C. Myers, Ph.D. Ohio State 1979. Working in 
college: Risk or return? 

Micuaer K. Nakapa, Ph.D. California (Santa Barbara) 
1979. A theoretical and empirical analysis of the 
labor supply of wives with husbands employed either 
full time or part time. 

MICHAEL B. ORMISTON, Ph.D. Johns Hopkins 1980. On 
life cycle models with endogenous labor-leisure 
choices and skills. 

James A. Orr, Ph.D. Pennsylvania 1979. A model of 
unemployment in local labor markets with an appli- 
cation to discretionary fiscal programs. 

Jean T. Owen, Ph.D. Boston 1980. Interregional labor 
migration in French indicative planning. 

ALVARO PACHON, Ph.D. Harvard 1980. Integrating hu- 
man capital in the National Accounts: Conceptual 
framework and empirical implementation. 

Hames E. Pearce, Ph.D. California (Los Angeles) 1980. 
Implicit contracting, trade unionization, and the re- 
sponse to demand variation in U.S. manufacturing. 

WOLFGANG PoLLAN, Ph.D. California (Berkeley) 1980. 
Adjustment costs, labor’ turnover, and employment 
changes. 

CHARLES POULTON-CALLAHAN, Ph.D. Illinois 1979. An 
analysis of the labor market experience of young 
women. o 

Francisco L. Rrvera-Batiz, Ph.D. Massachusetts In- 
stitute of Technology 1980. Three essays on the ad 
ory of labor migration. 

JAMES R. Rook, Ph.D. North Carolina State 1979, 
Labor' skill composition, elasticities of substitution 
and industrial migration: The case of cotton textiles. 

HowarpD R. ROSENBERG, Ph.D. California (Berkeley) 
1980. The part-time MBA: Impacts on the mid-career 
development of managers. 

BAHK SANG, Ph.D. New School 1980. Insured unem- 
ployment and availability of unemployment in- 
surance benefits in the United States. 


DECEMBER 1980 


Morton O. Scuapmo, Ph.D. Pennsylvania 1979. A 
general equilibrium model of noe farm settle- 
ment. 


LEONARD A. SCHLESINGER, D.B.A. Harvard 1979. Su- 
pervisory roles in participative work systems. 


Puiu E. ScHoecs, Ph.D. Wisconsin (Madison) 1980. 
Measuring economic performance in the Nether- 
lands, 1951-76. 


Janet L. ScHoir, Ph.D, Michigan State 1980. Transi- 
tion from unemployment: Outcome and duration of 
individual spells. 

Ricuarp D. Scorr, Ph.D. British Columbia 1979. 
Schooling, experience, hours of work, and earnings 
in Canada. 


STEVEN H. SHEINGOLD, Ph.D. Pennsylvania State 1979. 
Specific capital, implicit contracts, and the layoff 
process: An application to evaluating the Trade Ad- 

- justment Assistance Program. 

Davip A. Smu, Ph.D. Massachusetts Institute of 
Technology 1980. Labor market participation, 
turnover, and the Gary Income Maintenance Experi- 
ment. 

SUSAN C. STEPHENSON, Ph.D. Iowa State 1979. The 
impact of functional limitations on labor supply. 


CAROLINE Swartz, Ph.D. Duke 1979. Human capital, 


labor force participation, and the extended family in 
urban Kenya. 

WARREN T. TREPETA, Ph.D. Brown 1980. Reliability 
and the racial differentiation in income stability. 

THAM V. TRUON, Ph.D. Kentucky 1979. Less-developed 
countries’ industrial labor absorptive capacity and 
economic integration: Central American Common 
Market as a case study. 

DONALD WALDMAN, Ph.D. Wisconsin (Madison) 1979. 
Time allocation of young men. 

ALLEN L. WEBSTER, Ph.D. Florida State 1979. An anal- 
ysis of public service employment programs under 
the Comprehensive Employment and Training Act in 
the State of Florida. 

DouGias A. Wion, Ph.D. Pennsylvania State 1980. 
Increases in the production of working wives and the 
distribution of family earnings. 

Hussem Yanya, Ph.D. Oklahoma State 1980. Human 
capital migration from labor-rich Arab states to oil- 
rich Arab states and the consequences for the 
Jordanian economy. | 

Davip W. YANG, Ph.D. Nebraska (Lincoin) 1979. In- 
terindustry analysis applied to racial groups in Pine 
Bluff, Arkansas. 

Uscur Yucet, Ph.D. New School 1980. Absenteeism 
and its causes in the industrial sector of developing 
nations: The Turkish case. 


Welfare Programs; Consumer Economics; 
Urban and Regional Economics 


THEODORE H. AHLERS, Ph.D. Tufts 1979. A micro- 
economic analysis of rural-urban migration in Haiti. 
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RoBERT B. Avery, Ph.D. Wisconsin (Madison) 1979. 
The role of uncertainty in the savings decisions of 
low-income families, 

JOHN W. Barr, D.A. Catholic 1980. Specific instruc- 
tional objectives in the principles of economic courses 
in the Maryland state community colleges. 

Rosert A. BATTS, Ph.D. Kentucky 1979. Discrimina- 


tion: Its costs and effects on minority groups in the 
South. 

JOHN E. BELKNAP, Ph.D. Wisconsin (Madison) 1979. 
Human capital accumulation by rural families with 
respect to variation in family income. 

Marion G. BLALocK, Ph.D. Oklahoma State 1980. An 
examination of the extent and impact of industri- 
alization in rural Oklahoma communities. 


THOMAS P. Bornm, Ph.D. Washington (St. Louis) 1979. 
The interrelationship between housing choice and 
expected utility. l l 

DEBORAH A. J. Brown, Ph.D. Purdue 1979. Applica- 
tion of principal-agent theory to health care costs. 


HAroLD L. Bunce, Ph.D. Indiana 1980. An economet- 
ric study of state and local government expenditures. 


Ox-Hyun Cuang, Ph.D. Wisconsin (Madison) 1979. 
Impact of permanent income, prices, and sociodemo- 
graphic characteristics on household expenditure 
patterns in the United States, 1960-61. 


THOMAS CHESTER, Ph.D, Michigan State 1979. Mini- 
mum mandatory sentences and plea bargaining: An 
economic perspective. 


RICHARD Coe, Ph.D. Michigan 1979, Participation in 
the Food Stamp Program. 

H. MICHAEL Corner, Ph.D. Yale 1979. Three essays in 
the economics of higher education. 


MicHaAeL J. DANIELS, Ph.D. Georgia State 1979. An 
econometric model of a region’s financial sector. 


Epwarp E, Dorr, Ph.D. North Carolina State 1979. 
Economies of scale in high school] construction and 
operation. 


RADCLIFFE EDMONDS, Ph.D. Michigan 1979. Residen- 


tial land values and the willingness to pay for central 


city access in metropolitan Tokyo. 


EDWARD A. FAGERLUND, Ph.D. Minnesota 1979, The 
urban settlement pattern and the cost of providing 
wastewater disposal service. 


DANIEL R. FEENBERG, Ph.D. Princeton 1980. Estimat- 
ing the demand for water quality from market data. 


MERTON D. FINKLER, Ph.D. Minnesota 1979. The in- 
fluence on municipal fiscal policy on single family 
residential property value. 


Louis G. Fortis, Ph.D. Massachusetts 1980. A com- 
munity-oriented strategy for the revitalization of the 
urban centers of the Northeast and upper Midwest: 
The tradeoff between the short-run micro-economic 
decisions and the long-term macro-economic impera- 
tive. 


Davin L. FRANKLIN, Ph.D. North Carolina State 1979. 
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The Entropy Law states that ‘all energy flows 
from orderly to disorderly, from-usable to | 
unusable. In his new book “ENTROPY”, - 
Jeremy Rifkin explains how this inexorable pro- 
cess governs every aspect of our life. 
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“It describes with clarity the intellectual wreckage that 
must be cleared away before human beings can con- 


struct a social -order that is at peace with the natural 
order.” 4 E —Quest 80 


“It has compelled me to re-evaluate much. of the safe 
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“A cogent and urgent arguement . . . sobering and hard 
hitting.” —Publisher’s Weekly. 
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. most articulate and comprehensive . . . I do believe 
the book should be widely read and taken to heart . 
—Hugh Downs, ABC-News 


penetrates to the heart of the energy equation in 

human-history. ‘Rifkin has painted a picture-of the ‘moral 
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New and forthcoming titles... 


Urban Economics and Public Policy, Second Edition 
JAMES HEILBRUN, Fordham University 


Thoroughly revised and updated, Urban Economics and Public Policy, Second 
Edition, provides a lucid, nonmathematical introduction to the study of urban economics. 
Professor Heilbrun describes the growth of cities and metropolitan areas and analyzes major 
policy issues—poverty, housing, and public finance. Important features of the new edition 
include the addition of two chapters on transportation and expanded treatment of public 
finance. Running through the entire book is a connecting theme: the influence of tech- 
‘nological innovation, rising living standards, and changing population size on the spatial 
organization of cities and metropolitan areas and on the major economic problems they face. 


Praise for the First Edition: 

. “The overall content, organization and style should make this a leading publication in its field. 
The book’s clarity together with its emphasis on public policy will have broad appeal to 
planners, economists, public administrators and other ‘urbanologists.’ ”' 

— Andrew A. Dzurik, Florida State University. 


March 1981 about 480 pages hardcover 
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ROBERT B. CARSON, State University of New York, College at Oneonta 


The Second Edition of Carson’s thought-provoking text examines sixteen vital and current 
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arguments are presented from a firstperson advocacy position to give students the impact of a 
debate that is free of jargon, excessive citations, or footnotes. 
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u The Macroeconomy Examined: Are We Depression-proof? 

m Stabilization Policy: How Well Has It Been Working? 

m Crisis in International Trade: R:sing Deficits and Shrinking Dollars 

u Naticnal Economic Planning: Is Central Control Inevitable? 
The twelve issues retained from the previous edition have been revised and updated to reflect 
important economic events and changes in policy directions; to include more empirical infor- — 
mation; and to incorporate a greater number of graphs and tables. Economic Issues Today 
will stimulate class discussion and student interest in your courses in Principles of Economics 
or Current Economic Issues. 


Instructor’s Manual available. 
October 1980 342 pages paperbound 
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Microeconomic Issues Today: Alternative Approaches 
(Issues 1-8 of Economic Issues Today, with an Introduction and Conclusion) 
182 pages paperbound $5.95 
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182 pages paperbound $5.95 
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‘Macroeconomics | 
ANTHONY S. CAMPAGNA, University of Vermont 
In Macroeconomics Professor Campagna presents the basic analytical tools of macro- 
economic theory without burdening the analysis with unnecessary mathematical detail. A 
major emphasis throughout the text is on the examination and evaluation of practical policy 
matters. Both theory and policy are placed in an historical perspective, providing students 
with an appreciation of how they interact. In addition, the text surveys the criticisms of and 
alternatives to the prevailing orthodoxy—the whole spectrum of economic thought from 
Friedman and Galbraith to the radicals and post-Keynesians. By taking this undogmatic 
‘approach, the baok encourages an awareness of the evolutionary nature of macroeconomics 
and of the controversies that surround it today. 


_ Instructor's Manual available. 
Study Guide available. 


February 1981 about 600 pages hardcover 


Introductory Statistics for 
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RICHARD K. MILLER, Washington and Jefferson College 


Incorporating a wealth of examples from the real world, Introductory Statistics for 
Business and Economics consistently presents statistical methods as vehicles for making 
business and economic policy ‘decisions. The text assumes only high-school algebra as a 
prerequisite and explains the logic underlying statistical techniques with unusual clarity. 


The coverage of the text is extensive enough to meet the needs of any introductory course. Its 
flexibility of organization allows instructors to focus the course as they choose: the basic 
statistical concepts—descriptive statistics, probability, and statistical inference—are treated in 
the first eleven chapters; the remaining nine chapters offer a variety of topics from which to 
choose and may be covered in any desired sequence. 


In addition to the numerous worked-out examples throughout the text, Professor Miller ` 


provides approximately 500 end-of-chapter problems. An appendix includes necessary 
statistical tables and answers to selected problems. 


Instructor’s Manual available. 
Study Guide available. 


November 1980 445 pages graphs, charts, tables hardcover 
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To request a complimentary examination copy for adoption consideration, please write 
(specifying course, present text, and approximate enrollment) to: 


St. Martin’s Press m P.O. Box 5352 m New York, N.Y. 10163 
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What Should Economists Do? 


By James M. Buchanan 


This collection brings together Buchanan ’s 
important essays on method, many of them 
previously unpublished. Such a volume, note 
H. Geoffrey Brennan and Robert D. Tollison 
in their preface, “provides relatively easy 
access to a group of significant papers on 
methodology in.economics, written by a man 
whose work has spawned a methodological 
revolution in the way economists and other 
scholars think about government and 
governmental activity. ” 

James M. Buchanan is University 
Distinguished Professor and General Director 
of the Center for Study of Public Choice, 
Virginia Polytechnic Institute and State 
University. As a founder of the burzeoning 
subdiscipline of public choice, and as a public 
finance theorist and father of a modern school 
of public finance, Buchanan’s work has had 
worldwide recognition. Hardcover $8.00, 
Paperback $3.50. 





We pay postage, but require prepayment, on 
orders from individuals. Please allow four to 
six weeks for delivery. To order this book, or 
for a copy of our catalog, write: — 
LibertyPress/LibertyClassics 

7440 North Shadeland, Dept. 651 
Indianapolis, Indiana 46250 
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Now Available Conference Series No. 21 


The Regulation 
of Financial Institutions 


Barth Peterson Greenwald 

Brandt Shapiro Kopcke 

DeMagistris Tucker Merton 

Durkin Benston Schafer 

Hammond Cordes Shay 

Maisel Dunkelberg Woglom 
Yezer 


Proceedings of a conference held Available on request without charge from: 
in October 1979 sponsored by The Federal Reserve Bank of Boston 

the Federal Reserve Bank of Boston 600 Atlantic Avenue, Boston, MA 02106 
and the National Science Foundation. Research Department 


“A dazzling new work by one 
of the best writers in the English 


language i in any category!” 


ne ® Chicago Tribune 


Wit and animation, erudition and penetrating 
insights are the unmistakable hallmarks of 
JONN KENNETH Galbraith’s writing—and never more so than 
in this spirited collection which probes the 
GALBR AITH current preoccupations of the American 
hermes §— COMmMmUNity. Whether discussing the recent 
AN N Al S OF economic climate or contemporary swin- 
i AN dlers, Nixon’s memoirs or Evelyn Waugh's 
AB l D) | N G novels, Galbraith’s pithy and pointed essays 
will challenge and charm readers of all politi- 
LIBERAL B F RIAN L cal persuasions. “Galbraith has never been 
more diverse in subject matter. ..never more 
Me wee Galbraithian in pure, enjoyable artistry!” 
am -Boston Globe 
@ MERIDIAN / F544 / $5.95 
At all bookstores or send $5.95 plus $.75 for 
postage and handling to: New American 
Library, RO. Box 999, Bergenfield, N.J. 07621 


Write to the NAL Education Department at the following - 
address for a free perry and Social Studies catalog. 
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INVESTMENT ANALYSIS AND 
MANAGEMENT 


Stanley S.C. Huang 
Rider College 


Excellent for undergraduate investments 
courses, this new text features detailed 
material on investment management, 
security analysis, and the theoretical and 
practical aspects of modern portfolio _ 
management. 

198 1/casebound/5 76pp/$19.95 [Sol tions 
Manual 


PUBLIC SECTOR ECONOMICS 


Robin W. Boadway 
Queen’s University, Kingston, Ontario 


For courses on Public Finance— 
“This book combines the conventional 
microeconomic approach to public finance 
with some of the recent theoretical develop- 
ments in the field. The author uses both 
normative and positive analysis. . 

Economic Forum 
l 979/casebound/480pp/$1 9.95 


INTERNATIONAL ECONOMICS 


Robert J. Carbaugh 

University of Wisconsin, Eau Claire 
Designed for students with an understanding 
of basic economics, this introductory text 
skilifully combines theory-policy-institu- 
tional material in a real-world context. 
Emphasis is on current policies such as 
nontariff trade barriers, the OPEC oil cartel, 
multinational corporations, and exchange 
rate systems. 
1980/casebound/448pp/$15.95 


Winthrop 


LABOR ECONOMICS: THE 
EMERGING SYNTHESIS 


Robert M. Fearn 
North Carolina State University 


Fearn’s mainstream text is a mjzor new 
choice for a first course in labor economics. 
Utilizing a topical approach to stimulate 
student interest, Fearn develops the theory 
necessary for each topic before proceeding 
to more complex issues, such as welfare, 
work incentives, migration, minimum wage, 
and the effects of labor unions and women’s 
liberation. 
1981/casebound/approx.304pp/$18.95 


COMPARATIVE ECONOMICS: 
NATIONAL PRIORITIES, 
POLICIES, AND PERFORMANCE 


Jahangir Amuzegar 
Executive Director, International 
Monetary Fund 


Current factual material, a unique 
multidisciplinary approach, and a lucid 
presentation distinguish this new text for 
undergraduate courses. The text covers 
decision-making processes in market 
oriented industrial countries, centrally 
directed economies, and developing nations. 
1981/casebound/480pp/$17.95 





For further information, or to order 
examination copies, please writz to 
Ms. Sara Black, Dept. 4680.. 


WINTHROP PUBLISHERS, INC 


17 Dunster Street « * Cambridge, MA 02138 
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Wealth, Income, and Inequality 


Second Edition 

Edited by A. B. ATKINSON, Professor of Economics, London School of Economics. This exten- 
sively revised edition incorporates a broad range of material, including a large amount of recent 
research, such as the work of the Royal Commission on the Distribution of Income and Wealth. 
Principal topics discussed are the definition of basic concepts, the measurement of the distribu- 
tion of income and wealth, and analysis of the factors influencing that distribution. 

December 1980 450 pp. cloth $49.95 paper $24.00 


The Political Economy of the Third Sector 


Co-operation and Participation 

Edited by ALASDAIR CLAYRE. Essays in this book focus on the possible development of a “third 
sector” of industry, distinct from private industry and from public nationalized enterprise, in 

which management is by the workers. Contributors discuss arguments for and against participa- 
tion in such a plan, the degrees of legislation necessary, the problems of raising capital, and the 
effect of such a sector on industrial relations. 

1980 200 pp. cloth $29.50 paper $14.95 


Seeds of Plenty, Seeds of Want 


A Critical Analysis of the Green Revolution 

ANDREW PEARSE, Co-Director, Participation Programme of United Nations Research Institute 
for Social Development. The Green Revolution was an international campaign aimed at increas- 
ing the productivity of land by means of the introduction of a science-based technology in the 
production of foodgrains. Pearse discusses the failure of the project and indicates that develop- 
ment strategies have not effectively incorporated economic aspects of rural population. He sug- 
gests, further, new policies and strategies whereby productivity can be increased without gross 
polarization of wealth. l 

1980 262 pp. $22.50 


Economic Sanctions and International Eniorcemeni 


Second Edition 

MARGARET P. DOXEY, Professor of International Relations, Trent University. From a review of 
the first edition: “An excellent study. A lucid survey of cases of imposition of sanction. . . is fol- 
lowed by a judicious and thorough analysis of the factors bearing upon the effectiveness of sanc- 
tions. ... This book deserves to be widely read.’—International Affairs. For this new edition Pro- 
fessor Doxey takes into account new cases of economic sanctions since the first edition was 
published in 1970, including the changes in the situation in Southern Africa and the Arab oil 
embargo of 1973. l 

1980 160 pp. $22.00 


Inequality and Economic Development in Malaysia 


DONALD R. SNODGRASS, Harvard Institute of International Development. The problem of 
inequality and economic development is one which Malaysia shares with many developing coun- — 
tries. In this study, Professor Snodgrass focuses on the ethnic dimensions of the problem, details 
economic policy since 1969, and appraises the efforts of the Malaysian Government to deal with 
economic inequality. Chapters are devoted to fiscal redistribution, rural and agricultural develop- 
ment policies, urban and industrial development policies, education, and general policies. 

1980 340 pp.; numerous tables cloth $32.50 paper $17.95 


Prices and publication dates are subject to change. 


OXFORD UNIVERSITY PRESS 
200 Madison Avenue, New York, NY. 10016 . 
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The latest in economic 


Money and the Economy 
FOURTH EDITION 


JOHN J. KLEIN, Georgia State University 


The new Fourth Edition of this highly respected 
textbook continues to offer a comprehensive 
explanation and analysis of financial institu- 
tions and markets, theory, and economic policy. 
Professor Klein’s aim is to give students not a 
financier’s view of the system, or the Federal 
Reserve’s view, or the bias of any school of eco- 
nomic theory, but rather a well-integrated, 
overall perception of the financial system and 
the theory on which it is based. 

598 pages 


Solutions to Inflation 

DAVID C. COLANDER, University of Miami 

A collection of 29 stimulating articles, this 
reader focuses on current economic policy op- 
tions—or solutions—for dealing with inflation. 
Among thetopics discussed areindexing, wage- 
price guidelines and controls, establishing a 
“free market” in money, and incentive-based 
incomes policies. The articles—a number of 
which are published here for the first time—in- 
clude selections by such leading economists as 
Friedman, Galbraith, Hayek, Solow, Okun, and 
Weintraub. 

Paperbound. 224 pages 





International Economics 
A Policy Approach 

THIRD EDITION 

MORDECHAI E. KREININ, 
Michigan State University 


In this revised and updated edition, Professor 
Kreinin presents a clear and comprehensive 
introduction to international finance and 
trade. As in the earlier editions, there is a firm 
emphasis on policy and analysis of general 
principles, focused directly on theinternational 
scene. Domestic problems are discussed only 
insofar as they are relevant to their inter- 
national counterparts, but the author uses the 
United States—the most important trading 
nation in the world—as the reference point for 
evaluating policy alternatives. 

464 pages 


© 


HARCOURT BRACE JOVANOVICH, INC. 


New York e Chicago e San Diego e Atlanta e San Francisco 
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History of the American 
Economy 

FOURTH EDITION 

ROSS M. ROBERTSON, 

Late of Indiana University 

GARY M. WALTON, 

Washington State University 


This textbook offers a highly readable account 
of the major events, institutions, ideas, and 
creative works that have shaped our economic 
system from colonial times to the present. In 
preparing the Fourth Edition, Professor Walton 
reconsidered the entire text, revising, reorgan- 
izing, and rewriting where necessary to make 
the book more balanced and accessible. A con- 
sistent emphasis on principles, an engaging 
style, and judicious selection. of materials help 
clarify students’ understanding of major eco- 
nomic developments in American history. 

586 pages 





MAP 

A Market Anti-Inflation Plan 

ABBA P LERNER, Florida State University 
DAVID C. COLANDER, University of Miami 


MAP offers a provocative answer to a persis- 
tent problem: inflation/stagflation. Synthesiz- 
ing many divergent trains of thought, Profes- 
sors Lerner and Colander suggest a new way of 
looking at inflation—in fact, at all macroeco- 
nomics. Their plan involves stabilizing average 
prices while allowing all actual prices and 
wages to adjust to changing tastes, technolo- 
gies, and resources so that markets are 
cleared. In their clear careful explanation of 
the plan—and of the policy adjustments it 
would involve—the authors provide a major 
economic statement for the 1980s and beyond. 
Paperbound. 128 pages 


The Economics of 


Social Problems 

JULIAN LE GRAND, 

London School of Economics 

RAY ROBINSON, University of Sussex 


This book presents key principles of economics 
in a relevant social context: the authors de- 
velop basic concepts and relevant theory 
simultaneously and apply them tosuch current 
Social issues as health, education, housing, 
crime, congestion, and the energy crisis. Con- 
sistent use of a rigorous theoretical framework 
helps students acquire essential skills and a 
sound understanding of the generality of eco- 
nomic analysis. 

Paperbound. 200 pages 





© 


HARCOURT BRACE JOVANOVICH, INC. 
New York e Chicago e San Diego e Atlanta e San Francisco 
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° | Volume One: The Major Issues 
Economic Growt edited by Edmond Malinvaud 
1979 ISBN 0-312-23314-0 278 pp, cloth $37.50 
and Resources i 


Volume Two: Trends and Factors 
P r oceedings of the edited by R.C.0. Matthews 
. Fifth World Congress of the | i980 ISBN 0-312-23315-9 335 pp, cloth $37.50 


International Economic 


i Volume Three: Natural Resources 
Association Held in Toky 0, edited by Christopher Bliss : 


1977 1980 ISBN 0-312-23316-7 210 pp, cloth $37.50 
Volume One of Toonami Growth Volume Four: National and International 

and Resources provides the plenary | Economic Policies 

session addresses of the IEA’s Fifth sce ahaa aah 


World Congress, attended by some 1979 ISBN 0-312-23317-5 384 pp. cloth $37.50 


fifteen hundred participants. The re- Volume Five: Problems Related to Japan 
maining four volumes present papers | edited by Shigeto Tsuru 
. from the specialized groups. 1979 ISBN 0-312-23318-3 412 pp, cloth $37.50 


SM Post Office Box 5352 S press NY 10163 


To order these books for your library 
at 20% discount, please write: 








ENERGY FUTURES OF DEVELOPING COUNTRIES THE INDONESIAN ECONOMY ` 


The Neglected Victims of the Energy Crisis edited by Gustav F. Papanek 
edited by Harlan Cleveland ca. 300 pp., 1980, ca. $21.95, ISBN 0-03-057429-3 
ca. 128 pp., 1980, $18.95, ISBN 0-03-058669-0 
TROUBLE IN EDEN 

PROGRESS AND SURVIVAL _ A Comparison of the British and Swedish Economies 
reap esas aoe 

mite Beno ited by Jack Benoit Gohn 160 1980, $18. 95, ISBN 0-03-057032-8 

144 pp., 1980, $16.95, ISBN 0-03-056911-7 a 
_ FOREIGN INVESTMENT CODES AND THE Deni Tonon 

aR OF DIREC E INVESEMENT ca. 400 pp., 1980, ca. $22.95, ISBN 0-03-057612-1 


174 pp., 1980, $19.95, ISBN 0-03-057024-7 
THE ETHICAL BASIS OF ECONOMIC FREEDOM 


edited by ivan Hill a] 
352 pp., 1980, $9.95, ISBN 0-03-057732-2, Paperback R ee a 
THE ECONOMY OF SAUDI ARABIA PRAEGER PUBLISHERS 
Donald M. Moliver and Paul J. Abbondante 521 Fifth Avenue 

ca. 200 pp., 1980, ca. $19.95, ISBN 0-03-057004-2 New York, New York 10175 
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Of Economic 
Importance... 








New 1981 Titles From P-H 








THE ECONOMIC PROBLEM, 


Sixth Edition 
Robert L. Heilbroner, New School for 
Social Research 
Lester C. Thurow, Massachusetts Institute _ 
_ of Technology 
1981 672 pp. (est.) Cloth 


UNDERSTANDING MACROECONOMICS, 


Seventh Edition 
Robert L. Heilbroner, New School for 
Social Research 
Lester C. Thurow, Massachusetts Institute 
of Technology 
198] 384 pp. (est.) Paper 
UNDERSTANDING MICROECONOMICS, 
Fifth Edition 
Robert L. Heilbroner, New School for 
Social Research 
Lester C. Thurow, Massachusetts 
Institute of Technology 
1981 352 pp. Cest.) Paper 
MONEY, BANKING AND ECONOMIC 
ANALYSIS, Second Edition 
Thomas D. Simpson, George 
Washington University 
1981 502 pp. (est.) Cloth 
ECONOMICS OF THE FIRM: 
Theory and Practice, Third Edition 
Arthur A. Thompson, Jr., Univ. of Alabama 
198] 656 pp. (est.) Cloth 
MARKETS, DEGISIONS, AND 
ORGANIZATIONS: Intermediate 


Microeconomic Theory 
Roger A. McCain, Temple University 
1981 620 pp. Cest.) Cloth 


BUSINESS, GOVERNMENT, AND THE 
PUBLIC, Second Edition 
Murray L. Weidenbaum, Washington 
University 
1981 336 pp. (est.) Cioth 


INTERMEDIATE MACROECONOMICS 
William A. Kelly, Jr, Pennsylvania State 


University 

1981 500 pp. (est.) Cloth 
BENEFIT-COST ANALYSIS OF 
GOVERNMENT PROGRAMS 

Edward M. Gramlich, Univ. of Michigan 

1981 352 pp. (est.) Cloth 


MACROECONOMICS: Theory, Evidence 
and Policy, Second Edition 

Frank C. Wykoff, Pomona College 

1981 550 pp. (est.) Cloth 
COPING WITH CAPITALISM: 
The Economic Transformation of 
the United States, 1776-1980 

Roger L. Ransom, University of California 


— Riverside 

1981 256 pp. (est.) Paper 
MACROECONOMICS FOR 
MANAGEMENT 

Mary Louise Hatten, Boston College 

1981 384 pp. (est.) Cloth 
REFORMING REGULATION: 
Processes and Problems 

Lawrence J. White, New York University 


1981 128 pp. (est.) Cloth 


For further information, or to order or reserve examination copies, 
please write: Robert Jordan, Dept. J-680, Prentice-Hall, Inc., 
Englewood Cilffs, NJ 07632 
For “SUPER-QUICK” Service, dial TOLL ae (800) 526- 0485, 
between 9:00 o.m.-4:30 p.m. EST, Mon 

“not applicable in New Jersey, Alaska, Howell, of ina Rico 


Prentice-Hall 
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“This collection of essays has something 
for almost everybody .. . interesting, 
informative, and easy to read... .” 


(CONTEM2ORARY 
ECONOMIC PROBLEMS 
1979) 


Journal of E conomic 
Literature 





paraan 












The fifth in a series, 
CONTEMPORARY 
ECONOMIC PROBLEMS 1980 

includes essays by ten noted economists 
who address the longer-run as well as the 
more directly topical aspects of economics issues 


























$9.25 (paper) that have gained special prominence in recent years. 
JACK A. MEYER 
Wage and Benefit Trends Under the Carter 
WILLIAM FELLNER Administration Guidelines 
Demand Disinflation: What If Gradualism MARK PERLMAN 
Should Fail Despite Its Merits? Prices, Technological Change, and Produc- 
PHILLIP CAGAN tivity in the American Health Care Industry 
The New Monetary Policy and Inflation eines ee ; i 
eview of “Counting the r Force,” the 
HERBERT STEIN Report of the National Commission on 
Achieving Credibility Employment and Unemployment Statistics 
WILLIAM FELLNER D. GALE JOHNSON 
Corporate Asset-Liability Decisionsin Viewof The World Food Situation: Developments 
Low Market Valuation of Equity During the 1970's and Prospects for the 1980's 
RUDOLPH G. PENNER TO ORDER: Send your check made out to 
The Future Growth of Government Budgets “American Enterprise Institute” 
GOTTFRIED HABERLER and your name and address to: 
The Dollar in the World Economy: Recent American Enterprise Institute 
Developments in Perspective 1150 Seventeenth Street, N.W. 
GEOFFREY H. MOORE Washington, D.C. 20036 


Inflation and Statistics 






or call AFI's toll-free number: (800) 424-2873 
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CHICAGO 


Since 1891, Publishers of Scholarly Books and Journals 


Asset Accumulation and 
Economic Activity 


Reflections on Contemporary 
Macroeconomic Theory 

James Tobin 

“Asset Accumulation and Economic Activity 
is a cogent statement of the views of one of 
the most respected and thoughtful macroeco- 
nomists in the field, and will serve as a con- 
venient reference and focal point from which 
a base future discussions, "Stanley 

Fischer, MIT 

Cloth 112 pages $13.00 


Essays in Applied Price Theory © 
by Reuben A. Kessel 

Edited by R. H. Coase and 

Merton L. Miller 


“The seminal articles represented in this col- 
lection have exerted a lasting influence on 
our understanding of economic markets 
—from medicine to milk to mortgages and- 
beyond.” ——Milton Friedman 

Cloth 384 pages $20.00 


Problems in Price Theory 
David de Meza and Michael Osborne 


Students often find microeconomic theory 
the most difficult part of economics. This set 
of problems and solutions is designed to 
enable students to become proficient by 
working out problems on an ongoing basis. 
Cloth 320 pages $25.00 


` The System-Wide Approach to 
to Microeconomics 
Henri Theil 


Theil constructs an overview of recent theory 
and research with empirical illustrations, to 
show the increasing parallelism between the 
theories of the consumer and the firm. 

Cloth 288 pages $23.00 


The Road to Serfdom 


Friedrich A. Hayek 

Nobel Laureate Friedrich Hayek's classic 
warning to the free nations of the world that 
the extended collectivism implicity in “Social 
planning” is incompatible with the operation 
of democratic institutions. 


Cloth 256 pages $12.50 
Paper $4.95 


Human Capital 

A Theoretical and Empirical 
Analysis, with Special Reference 
to Education 

Second Edition 

Gary S. Becker 


“Gary Becker’s Human Capital is without 
question the most influential volume in the 
large literature on labor earnings.”-—Robert 
T. Michael, Department of Economics, 
Stanford University 

Paper 288 pages $7.50 


Competition and Coercion 


Blacks in the American Economy, 
1865-1914 

With a new Preface 

Robert Higgs 

Higgs show that competition as well as coer- 
cion characterized the post-emancipation 
period, and that blacks made substantial eco- 
nomic progress in spite of political and social 
obstacles. 

Paper 224 pages $6.95 


Chicago AA 
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Quality texts that bring the real 
world of contemporary economics 
into the heart of the classroom... 


Coming Soon! 


Economics: Principles in Aciion, 
Third Edition 

by Philip C. Starr, Chaffey College 
Captivatingly written . . . flexible... 
thoroughly updated, yet still concise. 
Tax revolt, supply side fiscalism, and 
post-Keynesian economics are just some 
of the ideas, policy questions, and issues 
that have been blended into this exten- 
sively fine-tuned third edition of Starr’s 
highly readable text. Designed for the 
one-term or two-quarter economics sur- 
vey course and ideal for students with 
little or no formal economics education. 


February 1981. Approximately 424 
pages, 7-3/8 x 9-1/4. Paperbound. Stu- 
dent Supplement. Instructor's Manual. 


Applications of Macroeconomics 
and Applications of Microeconomics 
both volumes by Robert Paul Thomas, 
University of Washington . 
A well-devised applications book to com- 
plement your principles of economics 
text (one volume for macroeconomics. . . 
one volume for microeconomics). 
Thomas’ new supplementary paperbacks 
apply the important concepts of econo- 
mics (one from the macro point af view, 
the other from the micro point of view) 
with more than 30 relevant econamic and 
social applications. Each application is 
accompanied by a preview, key points, 
and suggested readings. 


Both volumes: February 1981. Approxi- 
mately 260 pages each. 6-1/2 x 9-1/4. 
Paperbound. Instructor’s Manual. 


Information! 


For more inrormation on these texts or 
for a copy of the Wadsworth Economics 
catalogue, write: Box AER-W-DEC80, 
Wadsworth Publishing Company 

Ten Davis Drive 

Belmont, California 94002 


Now Available! 


Economics: Concepts, 

Themes, Applications 

by Don R. Leet and John A. Shaw, bath 
California State University, Fresno 

The one-term intro text that offers a Ealanced 
coverage of macro and micro concepts that’s 
reinforced with vivid and timely applications, 
examples and issues, such as inflation, Disney- 
land, property rights, and OPEC. 

450 pages. 7-3/8 x 9-1/4. Paperbound. 
Student Workbook. Instructor’s Manual. 


The Making of Economics, 

Second Edition 

by E. Ray Canterbery, Florida State University 
The provocative supplementary text that’s 
become a minor classic in the History of 
Economic Thought. 


340 pages. 6-1/2 x 9-1/4. Paperbound. 


Intermediate Microeconomics l 

by Steven T. Call, Metropolitan State College; 
and William L. Holahan, University of Wis- 
consin, Milwaukee 

A skillful blend of analysis and applications 
that provides intermediate students with a 
rich and interesting look at microeconomics. 


514 pages. 7-3/8 x 9-1/4. Casebound. 
Instructor’s Manual. 


Contemporary Labor Economics and 
Labor Relations, Second Edition l 
by Juanita Kreps, former Secretary of Com- 
merce, Washington, D.C.; Philip L. Martin, 
University of California, Davis; Richard 
Perlman, University of Wisconsin, Milwaukee; 
and Gerald G. Somers, formerly of University 
of Wisconsin, Madison 
The labor economics and labor relations text 
that’s as current as your students’ questions. .. 
thoroughly revised, updated, and reorganized. 
484 pages. 7-3/8 x 9-1/4. Casebound. 
Instructor’s Manual. 


Urban Public Economics 

by William B. Neenan, University of Michigan 
The urban economics text that emphasizes 
the public policy aspect. (Duxbury Press) 
Approximately 400 pages. 6-3/8 x 9-1,'4. 
Casebound. Available Spring 1981. 





WW Wadsworth Publishing Company 
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The Fraser Institute 


Timely new titles on 
Canada’s important 
public policy issues 


PRIVATIZATION 
Theory and Practice 
256 pages, $12.95 ISBN 0-88975-036-X 


RENT CONTROL 
Myths & Realities 
368 pages, $7.95 ISBN 0-88975-033-5 


UNIONS AND THE PUBLIC INTEREST 
Collective Bargaining in the Government Sector 
128 pages, $5.95 ISBN 0-88975-022-X 


Gage PUBLISHING seabed de 


IS THE EXCLUSIVE NATIONAL DISTRIBUTOR 
FOR ALL FRASER INSTITUTE TITLES. 


PUBLISHED BY THE FRASER INSTITUTE, 626 BUTE STREET, VANCOUVER, aad COLUMBIA, 
CANADA V6E 3M1. AVAILABLE AT BOOKSTORES OR BY MAIL FROM THE INSTITUTE. 

Please writa to the Publications Manager If you would like to recelve news of our Lb ieee forthcoming 
titles. Libraries and other institutions are invited to place standing orders for Fraser Institute books. 
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Harper & Row’ all-new texts... 


GOLDFELD & CHANDLER 
The Economics of Money 
and Banking Eighth Edition 


Instructor's Manual. 
February 1981. 664 pages (tentative). ISBN 0-06-041236-4. 


BRANSON & LITVACK 
Macroeconomics second Edition 


Instructors Manual 
March 1981. 480 pages (tentative). ISBN 0-06-040937-1 


WILSON 
Microeconomics 


Concepts and Applications 
February 1981. 416 pages (tentative). ISBN 0-912-21213-6. 


SCHEUCH 
Labor in the American Economy 


Labor Problems and Union-Management Relations 
February 1981. 576 pages (tentative). ISBN 0-06-045774-(. 


LEVITAN, MANGUM, & MARSHALL 
Human Resources and Labor 
Markets 


Employment and Training in the American Economy 
Third Edition | 


April 1981. 672 pages (tentative). ISBN 0-06-044074-0. 
For. examination copies, write to Suite 3D, 10 East 53d Street, 


New York, N.Y. 10022. Please include your cours? title, enrollment, 
` and present text. 
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meeting the challenges of the 80's. 


PETERSEN 
Business and Government 


Instructors Manual. 
February 1981. 480 pages (tentative). ISBN 0-06-045142-4. 


GREGORY & STUART 
Soviet Economic Structure 


and Performance Second Edition 
February 1981. 464 pages (tentative). ISBN 0-06-042508-3, 


KELEJIAN & OATES 


Introduction to Econometrics 
Principles and Applications, Second Edition 


January 1981. 384 pages (tentative), ISBN 0-06-043618-2. 


HUNT & SHERMAN 
Economics 

An Introduction to Traditional and Radical Views 
Fourth Edition 


Instructor's Manual 
February 1981. 672 pages (tentative). Paper. ISBN 0-06-043008-7. 


Property and Prophets 


The Evolution of Economic Institutions and Ideologies 
Fourth Edition 


Feburary 1981. 192 pages (tentative). Paper. ISBN 0-06-043033-8. 


g ‘Harper G Row 
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Five Economists 
Are Offered $200,000 
Toward Law Degrees 
At Emory University 


if you have the Ph.D. in Economics, or if you 
have almost completed all of the requirements for it, you 
may qualify for a John M. Olin Fellowship in Law and 
Economics at Emory University. Applications for the 
class entering in August, 1981, are now being accepted. 

This three-year program, formerly conducted at 
the University of Miami, is designed for highly- 
motivated individuals interested in applying economic 
analysis to legal issues. It leads to the Doctor of Law 
Degree. Fellows may complete the program in-two and 
one-half years by attending summer sessions. 

The fellowships are valued at approximately 
$40,000 each. Each fellowship covers full tuition and 
fees and provides a stipend of at least $8,000 for Fellows 
who possess the Ph.D. Write: 


John M. Olin Fellowship Program 
-- Law and Economics Center 
Emory University School of Law 
Atlanta, GA 30322 
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STAFF. PAPERS 


Published by the International Monetary Fund in March, June, September, and 
December. Summaries of each paper in French and Spanish, as well as in English. 


Vol. 27 September 1980 No. 3 
Implications of Credit Policies for Output and the Balance of 
Payments PETER M. KELLER 


Multipurpose Banking: Its Nature, Scope, and Relevance for Less Developed 
Countries DEENA R. KHATKHATE AND KLAUS-WALTER RIECHEL 


Minera! Taxation Policies in Developing Countries: An Application of 
Resource Rent Tax KEITH E. PALMER 


Demand for Money in Middle Eastern Countries 
ANDREW D. CROCKETT AND OWEN J. EVANS 


Deposit Insurance: Theory and Practice IAN S. MCCARTHY 
The Fund Agreement in the Courts—XV JOSEPH GOLD 
Subscription: US$9.00 a volume; US$3.00 a single issue. 


Special rate to university libraries, faculty, and students: US$4.00 a volume; 
US$1.00 a single issue. 


Advice on payment in currencies other than U.S. dollars will be given upon request. 


The Secretary, Attention: Publications Section, International Monetary Fund, 
Washington, D.C. 20431, U.S.A. 





Monetary Integration and Theory of Optimum Currency 
Areas in Africa 


by Samuel Nana-Sinkam 
1978, xii+ 313 pp., Clothbound, DM78/US$48.75 
ISBN 90 279 7665 1 


The recent surge of interest in optimum currency areas has 
been answered by this volume: an outstanding contribution to 
the field of international monetary cooperation, it presents 
theory and data, along with a model for solving the ‘’which- 
country-which-optimum-currency-area”” problem, in the con- 
text of the distinctive political and regional factors and the 
financial and monetary infrastructure of Africa. 





Also by Samuel Nana-Sinkam: 


Pays candidats au processus de développement: 

Capacité d'absorption, assistance extérieur et modèles de croissance 
1975, xvi+582 pp., Clothbound, 0M118/US$74.00 

ISBN 90 279 7665 1 


Orders may be addressed to: 

For USA and Canada: Mouton Publishers, Division of Walter de Gruyter, Inc., 200 Saw Mill River 
Road, Hawthorne, New York 10532 

For all other countries: Walter de Gruyter & Co., P.O. Box 110240, D-1000 Berlin-11 


mouton publishers 
The Hague - Paris > New York 
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Front page news for 


Introducing the first principles text with a supply-side 


emphasis— 
INTRODUCTORY 
ECONOMICS 


MICHAEL VESETH, University of Puget Sound 


January, 1987 800 pages 

A thoroughly modern, remarkably 
lucid incentive approach to the in- 
troductory course. Veseth brings 
supply-side economics out of the 
newspapers and into your class- 
room. He concentrates on the na- 
ture of economic problems and the 
trade-offs inherent in any solution 
to these problems, stressing pol- 
icy rather than theory or institu- 


ECONOMICS 


. Private and Public Choice 
Second Edition 


tions. In-depth coverage is given 
to international economics. 

THE PACKAGE: Introductory Mac- 
roeconomics (paper). Introductory 
Microeconomics (paper). Course- 
book (combined  reader/study 
guide). Test File (book and com- 
puter tape formats). Instructor’s 
Manual. Transparency Masters. 


JAMES D. GWARTNEY, Florida State University 
and RICHARD STROUP, Montana State University, 
with the assistance of A. H. STUDENMUND, Occidental College 


1980 835 pages 

“Excellent book, perhaps the best 
available. You have kept the fea- 
tures that led me to adopt the first 
edition—style, organization, -and 
topics—particularly the unique 
coverage of the public choice lit- 
erature as an extension of the 
‘economic way of thinking.’ The 
coursebook is the best available. 
| particularly like ‘the feature: 
“What's wrong with this way of 


thinking?”—a good way to stimu- 
late classroom discussion.” —Pro- 
fessor Robert B. Harris, University 
of Connecticut, Stamford 

THE PACKAGE: Macroeconomics, 
2e (paper). Microeconomics, 2e 
(paper). Coursebook (combined 
reader/study guide). Test Bank 
(book and computer tape formats). 
Instructor's Manual. Transparency 
Masters. | 


Address requests for examination copies to: College Department, 
Academic Press, Inc., 111 Fifth Avenue, New York, N.Y. 10003. 
Please state course title, enrollment, and present text. 
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tne classroor”... 


MONEY, BANKING, AND ECONOMIC ACTIVITY 


GAIL E. MAKINEN, U.S. General Accounting Office and Georgetown University - 
February, 1981 556 pages ; 
An up-to-date look at money and banking, incorporating the 1980 finance laws. 


MONEY AND INFLATION: A Monetarist Approach 

J. HUSTON McCULLOCH, The Ohio State University 

1975 121 pages paper 

An unabashedly monetarist examination of | for money and banking, intermediate mac- 
the theoretical and practical aspects of | roeconomics, and principles courses. 
monetary theory—an excellent supplement 


INTERMEDIATE MICROECONOMICS 
WITH APPLICATIONS 


AROOP K. MAHANTY, University of Northern Colorado 
1980 514 pages instructor's Manual 


The immediate uses of microtheory are based on actual business practice. 
explored through plentiful applications 


ENERGY ECONOMICS AND POLICY 

JAMES M. GRIFFIN & HENRY B. STEELE, University of Houston 

1980 370 pages 

The only text to explore the impact of gov- for energy, particularly petroleum. 
ernment policy on the supply and demand 


FORECASTING IN BUSINESS AND ECONOMICS 


C. W. J. GRANGER, University of California, San Diego 
1980 226 pages i 


A junior-senior level treatment by the rec- theory to forecasting business cycles. 
ognized authority on applying econometric 


ACADEMIC PRESS, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
NEW YORK è LONDON è TORONTO @ SYDNEY è SAN FRANCISCO 
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¢ Auburn House Publishing Company 
Quality Professional Books 


CAH 


m Vark S, Albion, Harvard University and Paul W. Farris, University of Virginia 
THE ADVERTISING With a foreword by Stephen A. Greyser, Harvard University 


The effects of advertising on prices has been a long-debated issue between 
CONTROVERSY proponents of two disparate views about how advertising works. Does adver- 
Evidence on tising tend to depress prices, or does it tend to increase prices? Advertising’s 
Advertising’s effects on prices is one of several economic issues that the authors cover by 
a surveying the research underlying each group’s economic propositions. The 
Economic Effects effects of advertising on product innovation, demand, industry profits, and 
. industrial concentration are also examined. They conclude that ecoriomic 
models usually fail to recognize the importance of the distribution sector. By 
including marketing considerations, Albion and Farris present a theoretical 
framework thet incorporates the role of the retailer in an analysis of 
advertising’s effects. As a result, the authors hope to have opened an avenue 
for more productive future research in this area. 1980/Hardbound/$19.95 


(HHH Thomas A. Barocci, Alfred P Sloan School of Management, Massachusetts 





- IT Institute of Technoiogy 
merim Non-profit hospitals, central to the delivery of health services in the United 
States, constitute an industry of major importance to the national economy. 


Their Structure, Rising concern over prices among the public, policy makers, and within the 
Human Resources industry itself makes careful scrutiny of the costs and complications facing 
uma es u s hospitals particularly timely. 

and Economic Using an effective combination of case studies and macro data sets on the 

importance industry's employment and income, Professor Barocci identifies and exam- 
ines the major challenges. Particular attention is paid to the factors and 
effects of competition, financial and regulatory restraints, and labor force size 
and composition. Finally, he offers a number of policy and research recom- 
mendations. 1980/Hardbound/$19.95 


Barry Bluestone, Peter Jordan, and Mark L. Sullivan, The Social Welfare 


AIRCRAF Research Institute, Boston College . 

Utilizing information from numerous personal interviews and empirical data 
INDUSTRY i 

from a multitude of sources, the authors analyze the factors that influence 
DYNAMICS capital investment behavior and employment in the volatile aircraft and parts 
An Analvsis of industry. Market structure and the nature of competition, technology, and 

n ANalySis 0 government and trade union relations are examined in order to determine 

Competition, how each affects investment decision-making and capital formation. The 


: results of this examination also yield insights into the industry's prospects for 
Capital, and Labor 4,2 1980s. 1 980/Hardbound/$19.95 | 


es Barry Biuestone, Patricia Hanna, Sarah Kuhn, and Laura J. Moore, The Social 
THE RETAIL Welfare Research Institute, Boston College 


REVOLUTION One can best understand the dynamics of an economy by understanding the 
nature of its industries. The department store industry provides a political - 
Market Transform- economic story of rampant competition, the pyramiding and collapse of finan- 
ation, Investment cial empires, technical innovation, and the reorganization of work and the 
’ h ” labor process. By focusing on the actors in the system—the enterprise man- 
and Labor in the agers and their market strategies, the workers who sell and stock merchan- 
Modern Department dise, and the government which regulates much of the whole process—the 


Store authors show the causes and effects of increasing competition, the changing 
i demand for labor, and the roles of management and government. 
1980/Hardbound/$19.95 
To order, please write + Muilti-copy orders add $1.00 per book for postage and handling. 
Auburn House e Single-copy orders add $1.50 for postage and handling. 
rehi e Orders from individuals must be accompanied by payment. Massachusetts resi- 
Publishi ng Company dents add 5% salos tax. 
131 Clarendon Street e Examination copies are available at 50% of regular price. Payment will be refunded 
Boston, MA 02116 upon evidence of multi-copy purchase from Auburn House for class use. 
Telephone 617-247-2650 e Master Charge and Visa accepted for orders over $15, please include card number 


and its expiration date. 
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The Most Exciting 
Economics Program 
of the 80's... 
Growing Stronger 
Every Year 


NEW TITLES FOR 1981 


ECONOMIC EVOLUTION: PRINCIPLES, 
ISSUES, AND IDEAS——Through the 
Looking Glass of Time by Bowden 


INTERMEDIATE MICROECONOMIC 
THEORY, Second Edition, by 
Kamerschen and Valentine 


PRINCIPLES OF ECONOMICS: THEORY, 
PROBLEMS, POLICIES, Abridged, Third 
Edition, by Bowden 


THE POSITIVE STATE by Solo 


Send today for your free Economics 
Catalog for a look at our complete line 
of economics materials. 





SOUTH-WESTERN PUBLISHING CO. 


5101 Medixon Road, 355 Conde Streat, 11310 Genial Lane, 926 Spring Road, 855 Callforals Avenue, 
Cincleneti, OH 45227 West Chicago, 1.60165 Dalias, TX 765229 Pelham Manor, NY 10803 Palo Alto, CA 94304 
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AEA sponsored 
Group Life Insurance 
for you and your family— 
at attractive rates! 


The AEA Group Life Insurance Plan can help provide 
valuable supplementary protection—at attractive rates—for 
eligible members and their dependents. 

Because AEA has joined a large Insurance Trust which 
includes other scientific and technical organizations, the low 
cost may be even further reduced by dividend credits. In the 
past seven years, insured members received credits on their 
April 1 semiannual payment notices averaging over 45% of 
their annual premium contributions. (These credits are based 
on the amount paid during the previous policy year ending 
September 30.) Of course future dividends and credits, and 
their amounts, cannot be promised or guaranteed. 

Now may be a good time for you to re-evaluate your 
present coverage and look into AEA Life Insurance. Just fill 
out and return the coupon for more details at no obligation. 











1 
i Administrator, AEA Group Insurance Program B-7 l 
| 1707 L Street, N.W.—Suite 700 j 
] Washington, D.C. 20036 i 
| Please send me more information about the AEA Life Insurance Plan. l 
- Nami sea a AGA - 
I Addons c l 
- City aa a a AG Zp ea i 
L S CS E A Ee ee E S T BEENS DE AE R A A E R G O OA E O U A E J 


Or—call today Toll-Free 800-424-9883 
(Washington, DC area, call 296-8030) 
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We challenge you to look at 
Lipsey & Steiner’s new 
sixth edition of— 


ECONOMICS 


The new Sixth Edition presents a fundamental restructuring 
of the macroeconomic model to emphasize the newly 
important aggregate supply-aggregate demand approach. This 
exceptionally clear text also contains an all-new chapter on 
price and rent controls...an abundance of new applications 
in both the macro and the micro sections...and an all-new 
chapter examining the theoretical basis for aggregate supply- 
ageregate demand. 

Take a look at the sixth edition of ECONOMICS when it 
comes off the press this Spring. We think you'll be 
impressed. And we know you'll be pleased to see that the 
authors have retained the outstanding features that made it a 
classic. Lipsey and Steiner continue to offer your students a 
solid orientation in theory combined with real-world 
applications in a presentation thats easy to understand. 
Microeconomics is presented in the first half of the text, 
macroeconomics in the second half, and both sections are 
completely self-contained and reversible to allow for 
flexibility in teaching. 


COMBINED EDITION-— . 
950 pages (tentative), Cloth. ISBN 0-06-043969-6. 





TWO-VOLUME EDITION— 

MACROECONOMICS: 544 pages (tentative). Paper. 
ISBN 0-06-044071-6 

MICROECONOMICS: 544 pages (tentative). Paper. 
ISBN 0-06-044072-4. 


ALSO AVAILABLE: Instructors Manual, Test Bank, Transparency 
Masters, and Study Guide and Problems. 


| Harper © Row 
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The Power to Tax 

Analytical Foundations of a Fiscal Constitution 

Geoffrey Brennan and James M. Buchanan 
Brennan and Buchanan proceed from the question of how much “power to 
tax” a citizen would voluntarily grant to government under the terms of a 
social contract devising a fiscal constitution. They develop a model of gov- 
ernment as a “revenue-maximizing Leviathan” and trace out the restrictions 
on the power to tax that might emerge from the citizen's constitutional de- 
liberations. $22.50 


A Neoclassical Analysis of Macroeconomic Policy 

Michael Beenstock 

In this exploration of the theoretical foundations of the counterrevolution 
against Keynesian economics, Professor Beenstock considers the role of 
expectations in macroeconomic adjustment, integrating the rational »xpec- 
tations hypothesis into his analysis. He also develops a normative theory of 
macroeconomic policy that hinges on the rationality of expectations about 
inflation and exchange rates. $32.50 


Financing Procedures of British Foreign Trade 

S. Carse, G. E. Wood, and J. Williamson 

After a comprehensive review of earlier studies from many countries, data 
from British importers and exporters is used to analyze their financing be- 
havior. The authors then consider the implications of their findings both for 
national governments and for the international trading system. $24.95 


Growth, Profits and Property 

Essays.in the Revival of Political Economy 

Edward J. Nell, Editor 

A collection of essays on microeconomics, macroeconomics, trade, com- 
parative systems, and welfare designed to present the variety, comp’‘exity, 
and power of non-neoclassical economic thinking. $39.50 


Mergers and Economic Ulysses and the Sirens 
Performance Studies in Rationality and Irrationality 


Keith Cowling, et. al $47.50 Jon Elster 
Elster considers the theory of human 
‘action — of rationality and irrationality 


Concentration in British Industry, — from the vantage point of game 


1935-75 theory. “A thorough and thoughtful 
P. E. Hart and Roger Clarke book.” — Economic Journal. Copub- 
NIESR Occasional Paper 32 $24.50 lished with Les Editions de ia Maison 
des Sciences de l'Homme $22.50 

The Evolution of Giant Firms Aspects of Development and 
in Britain Underdevelopment 
S. J. Prais i Joan Robinson 
NIESR Publications 30 -> ‘Modern Cambridge Economics 

Now in Paperback $15.95 Hardcover $18.95 Paper $4.95 
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The Methodology of Economics: 
or How Economists Explain 
Mark Blaug 


Professor Blaug presents both current thinking in the philosophy of science 
and the varied attempts of economists to clarify the methodology of their 
subject. Included is a discussion of the logical status of welfare economics 
and nine case studies illuminating controversies in economics through at- 
tention to methodology. Cambridge Surveys in Economic Literature 
Hardcover $29.50 Paper $9.95 


Capital Theory and Dynamics 
Edwin Burmeister 


Focusing mainly on the pure role of time, Professor Burmeister introduces 
such concepts as dynamic efficiency, Pareto optimality, the crucial role 
played by capital goods in intertemporal economies and portfolio problems. 
He discusses such issues as the “Cambridge controversies,” Sraffa’s Stand- 
ard Commodity, saddlepoint instability, and perfect foresight/rational expec- 
tations competitive equilibrium. Cambridge Surveys in Economic Literature 

Hardcover $37.00 Paper $12.95 


Poverty, Inequality, and Development 
Gary S. Fields 


In this study of the distribution of income and poverty in the developing na- 
tions and of the correlations between poverty, income, inequality, and 
development, Fields describes the main sources of inequality and the suc- 
cess of individual nations in reducing poverty and inequality. He treats the 
growth of GNP as a principal determinant of the distribution of poverty and 
inequality. Hardcover $29.50 Paper $7.95 


The Long Waves of Capitalist Development 
Ernest Mandel 


Mandel attempts to explain the capitalist economy’s succession through 
long waves of quicker and slower growth in terms of Marxist economic the- 
ory. He sees the waves as being intertwined with important social, political, 
and ideological changes, and as constituting distinctive periods in the his- 
tory of capitalism. Studies in Modern Capitalism/Etudes sur le Capitalisme 
Moderne. Copublished with Les Editions de la Maison des Sciences de 


Homme. $14.95 
Asset Markets, Exchange Rates, inflation and the Personal 

and Economic Integration Income Tax 

A Synthesis An International Perspective 

Polly Reynolds Allen and Vito Tanzi $27.50 
Peter B. Kenen 

The authors present a new theoretical Method and Appraisal in 

model of economies oe interna- Economics 

tionally and apply the results of their i 

mode! to a cost-benefit analysis of Spiro J. Latsis, Editor 

monetary and fiscal unification. $55.00 Now in Paperback $13.95 
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Ricardo and the Theory of 
Value, Distribution 


and Growth 
GIOVANNI A. CARAVALE and 
DOMENICO A. TOSATO 


This book, by two noted Italian economists, 
examines the whole of Ricardo’s contribution 
and emphasizes the strict connection existing 
between the various themes of his theoretical 
research. The results of their analysis are not 
only relevant for the history of economic 
analysis, but also have an important bearing 
upon the current debate in economic theory, 
especially with reference to the relation 
between the Ricardian theory of value and 
Sraffa’s contribution. $35.00 


Marx's ‘Capital’ 
Philosophy and Political Economy 
GEOFFREY PILLING 


In this study Pilling emphasizes the funda- 
mental nature of the break between Marx’s 
Capital and all forms of classical political 
economy, and stresses the revolutionary 
nature of Marx's critique of political economy 
as one of the foundations of Capital, $27.50 


Marxist Theories 
of Imperialism 

A Critical Survey 
ANTHONY BREWER 


This important study is a survey of Marxist 
writings on imperialism and the emergence 
and development of the world capitalist 
economy. It covers Marx and Rosa Luxemburg 
on capitalist expansion; Hilferding, Bukharin 
and Lenin on imperialism and inteXimperial- 
ist rivalry; Baran, Frank, Wallerstein, Rey and - 
Arrighi, Emmanuel and Amin on development 
and underdevelopment; and concludes with an 
analysis of current Marxist debates on capital 
and modes of production. In establishing the 
relationship between each writer's theories, 
the author provides a sympathetic but critical 
guide to existing Marxist literature. $33.00, 
paper $18.95 


Routledge & 
Kegan Paul 


9 Park Street, Boston, Mass. 32108 


Publications from the United Nations 


World Economic Survey, 1979-1986 


econom 


The Survey is intended to Pa the basis for a synthesized appraisal of 


current trends in the wor! 


, particularly as they affect the 


progress of developing countries. Chapters include discussion of the 
salient features and policy implications of the current world economic 
situation, and analysis with tables of the following: growth of world 
output, inflation, trade and international a beara the outlook for 1980- 


1985 and selected issues of adjustment po 


icies in developing countries. 


The New International Economic Order: A Selective Bibliography 


Employment, Income Distribution and Consumption: 
Long-Term Objectives and Structural Changes 


Economic Bulletin for Europe, Volume 31, No. 1 
uro 


A. Recent Changes in 


e’s Trade 


B. Special Study: Prices and Volumes of East-West Trade 1965-1977 


Sales No. E.80.11.C.2 $10.00 
Sales No. E/F80.1.15 $11.00 
Sales No. E.80.11.E.5 313.00 
Sales No. E.80.11.E.2 $13.00 





Room A-3315 
New York, N.Y. 10017 


Palais des Nations > 


United Nations Publications 1211 Geneva 10, Switzerland 
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Market Structure 
and Behavior 


Martin Shubik 
with Richard Levitan 


Shubik brings classical oligopoly 
theory and research in mathematical 
economics close to new studies in indus- 
trial organization and simple game 
experiments in this imaginative and 
important new book. He covers a variety 
of topics and admirably succeeds in 
increasing our understanding of com- 
petitive and cooperative behavior and of 
market structure. $18.50 


Taking Your Medicine 
Drug Regulation in the United States 
Peter Temin 


“Peter Temin has written a comprehen- 
sive, lucid, and entertaining history of 
drug regulation in this country. It is the 
most complete analysis of this subject 
ever undertaken, and without question 
is required reading for anyone inter- 
ested in the field.”—-Peter Barton Hutt 
$18.50 


China’s Development Experience 
in Comparative Perspective 


Robert Dernberger, Editor 


While comparing China’s economic development policies to those of other countries, 
this hook clearly identifies the features that make China unique. International 
experts examine three areas of China’s development program most frequently cited 
as success stories—-income distribution, industrial technology, and public health, 
carefully documenting the degree to which these successes depend on the political 


and social environment. 
Harvard East Asian Series, 93 and A Social Science Research Council Study 
$30.00 

Now available in paper— 
The Visible Hand A Theory of 
eon Price Control 
in erican business è 
Alfred D. Chandler, Jr. John Kenneth Galbraith 


“Chandier’s book is a major contribution 
to economics as well as to ‘business 
history.’*—New York Review of Books 
Belknap 

$8.95, paper; $20.00, cloth 


With a new introduction by the author 


“Readers of John Kenneth Galbraith 

will be impressed by this early work 

of his classical period. ..[a] definitive 

account of how World War II rationing 

and price controls really did work.” 
—Paul Samuelson 

$2.95, paper; $7.95, cloth 


The Political Economy of Inflation 
Fred Hirsch and John H. Goldthorpe, Editors 


“This is an exceptionally interesting book which not only deals with inflation itself 
bui also gets down to a number of other fundamental issues on the nature of econom- 


ics and economic policy."--The Economist 


$5.95, paper; $14.00, cloth 


Harvard University Press 
Cambridge, Massachusetts 02138 
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TRADE IN TRANSITION 


Exports from the Third World, 1840-1900 


By JOHN R. HANSON |l 


A Volume in the STUDIES IN SOCIAL DISCONTINUITY Series 


CONTENTS: INTRODUCTION. Fecus of the 
Study. Review of Existing Literature. Sources 
and Methods. TRENDS IN NINETEENTH- 
CENTURY TRADE. Growth Rates. Network 
of World Trade. Shares in World Trade. Eco- 
nomic Interdependence. A Disaggregate 
View. Summary and Conclusions. DIVERSI- 
FICATION AND CONCENTRATION. OF LESS 
DEVELOPED COUNTRIES' EXPORTS. Intro- 
duction. Diversification of Less Developed 
Countriss’ Exports. Concentration of Less 
Developed Countries’ Exports. Possible In- 
terpretations. Appendix: The Hirschman In- 
dex. DESTINATIONS OF LESS DEVELOPED 
COUNTRIES’ EXPORTS IN THE VICTORIAN 
ERA. introduction. An Aggregate View. 
Growth Rates of Less Developed Countries’ 
Exports. Asia. South America. Africa. Cen- 
tral America. Summary and Conclusions. 
Appendix. DETERMINANTS OF LESS DE- 


VELOPED COUNTRIES EXPORTS, 1820- 
1860. Introduction. Demand. Supply. Sum- 
mary and Conclusions. DETERMINANTS OF 
LESS DEVELOPED COUNTRIES’ EXPORTS, 
1860-1900. PART |. The Great Depression. 
External Demand versus Internal Supply: A 
Test..PART Il. Demand. Supply. Summary 
and Conclusions. TARIFFS, TRANSPORTA- 
TION COSTS, EXCHANGE RATES, TERMS 
OF TRADE, AND EXPORT SURPLUSES. Tar- 
iff Policy. International Transporation Costs. 
Exchange Rates. Terms of Trade. Export 
Surpiuses. SUMMARY AND CONCLUSIONS. 
Historical Interpretation. Further Research. 
APPENDICES. Reference Tables for Chap- 
ter 2. Reference Tables for Chapter 3. Ref-` 
erence Tables for Chapter 4. World Trade 
in Selected Goods, 1840-1900. References. 
Subject Index. 

7980, 208 pp., $18.00 ISBN: 0-72-323450-6 


EVALUATION OF ECONOMETRIC MODELS 


Edited by JAN KMENTA AND JAMES B. RAMSEY 


CONTENTS: J. B, Ramsey and 4J. Kmenta, 
Problems and Issues in Evaluating Econo- 
metric Models. EVALUATION OF INFOR- 
MAL MODELS. L. S. Mayer, The Use of Ex- 
ploratory Methods in Economic Analysis: 
Analyzing Residential Energy Demand. H. 
Wold, Model Construction and Evaluation 
When Theoretical Knowledge Is Scarce. F. L. 
Bookstein, Data Analysis by Partial Least 
Squares. D. K. Hildebrand et al., Prediction 
Analysis of Economic Models. V. K. Smith, 
Some Comments on the Evaluation of In- 
formal Models. SPECIFICATION ERRORS 
AND SENSITIVITY ANALYSIS. H. H. Kele- 
jian, Aggregation and Disaggregation of Non- 


linear Equations. R. E. Welsch, Regression - 


Sensitivity Analysis and Bounded-Influence 
Estimation. W. Dent and J. Geweke, On 
Specification in Simultaneous Equation Mod- 
els. B. M. Hill, Robust Analysis of the Ran- 
dom Medel and Weighted Least Squares 
Regression. S. H. Hymans, Some Comments 
on Papers by Dent and Geweke, Welsch, 
and Kelejian. W. S. Krasker, Some Com- 
ments on the Papers by Welsch and Hill. 
FORMAL DECISION RULES FOR COMPAR- 
ING MODELS. G. C. Chow, Comparison of 
Econometric Models by Optimal Control 


Continuation Orders authorize us to ship and 
bill each volume in a series, or “Advances’’ 
type publication automatically, immediately 


Techniques. J. B. Kadane and J. M. Dickey, 
Bayesian Decision Theory and the Simoplifi- 
cation of Models. A. S. Holbrook, Some 
Comments on “Comparison of Econometric 
Models by Optimal Control Techniques” by 
Gregory C. Chow. ROLE OF TIME SERIES 
ANALYSIS IN ECONOMETRICS. £E. P. How- 
rey, The Role of Time Series Analysis In 
Econometric Model Evaluation. P. F. Engle, 
Hypothesis Testing in Spectral Regression; 
the Lagrange Multiplier Test as a Regression 
Diagnostic. M. Hatanaka and T. D. Wallace, 
Multicollinearity and the Estimation of Low- 
Order Moments in Stable Lag Distributions. 
C. W. J. Granger, Some Comments on the 
Role of Time-Series Analysis in Economet- 
rics. EXPERIMENTATION AND TESTS OF 
ECONOMIC HYPOTHESES. V. L. Smith, Rel- 
evance of Laboratory Experiments to Testing 
Resource Allocation Theory. J. H. Kagel and 
Raymond C. Battalio, Token Economy and 
Animal Models for the Experimental Analysis 
of Economic Behavior. J. G. Cross, Some 
Comments onthe Papers by Kagel-Battalio 
and Smith. F. P. Stafford, Some Comments 
on the Papers by Kagel-Battalio and Smith. 


1980, 432 pp., $39.50 ISBN: 0-12-416550-8 


upon publication. This order will remain in ef- 
fect until cancelled. Specify the volume num- 
ber or title with which your order is to begin. 
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MONEY, WORK, AND CRIME 


Experimental Evidence 


By PETER H. ROSSI, RICHARD A. BERK, and KENNETH J. LENIHAN 
A Volume in the QUANTITATIVE STUDIES IN SOCIAL RELATIONS Series 


This volume deals with the relationship between 
poverty and crime, presenting experimental evi- 
dence that is quite unique. Based on a con- 
trolled randomized experiment with prisoners 
released from the state prisons of Georgia and 
Texas, who were provided experimentally with 
eligibility for unemployment benefits, the ex- 
periment sought to see whether financial aid of 
a limited variety would affect subsequent reci- 
divism. The volume provides a detailed descrip- 
tion of the events—tliving arrangements, marital 
status changes, employment and unemployment 
—«that occur to ex-felons as they attempt to in- 


tegrate themselves back into civilian life. The 
findings indicate that the payment of a limited 
amount of unemployment benefits can reduce 
re-arrest rates for a variety of criminal charges, 
although the effects of the payments are masked 
to some degree by the effect of lowering the 
work effort of released felons. The monograph 
suggests a set of social policies that could re- 
duce recidivism by as much as 25 percent. 
Money, Work, and Crime will be of interest to 
sociologists, criminologists, social policy ex- 
perts, and economists. 

1980, 352 pp., $29.00 ISBN: 0-12-598240-2 


QUANTITATIVE ECONOMICS AND DEVELOPMENT 


Essays in Memory of Ta-Chung Liu 


Edited by L. R. KLEIN, M. NERLOVE and S. C. TSIANG 
A volume in the ECONOMIC THEORY, ECONOMETRICS, AND MATHEMATICAL ECONOMICS Series 


CHAPTER HEADINGS: /, Adelman et al., So- 
ciety, Politics, and Economic Development Re- 
visited. A. N. Bhattacharya and M. K. Majum- 
dar, On Global Stability of Some Stochastic 
Economic Processes: A Synthesis. W. A. Brock, 
The Design of Mechanisms for Efficient Alloca- 
tion of Public Goods. £. Burmeister, Critical 
Observations on the Labog Theory of Value and 
Sraffa’s Standard Commodity. G. C. Chow, The 
Selection of Variables for Use in Prediction. C. 
F. Christ, Regression When Each of Two Vari- 
ables Is Dependent Some of the Time. A. F. 
Engle, An Exploratory Policy-Oriented Econo- 
metric Model of a Metropolitan Area: Boston. 
F. M. Fisher, The Effect of Simple Specification 
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Stabilization Policies: An Optimal Control Ap- 
proach. S. Kuzneis, Notes on Income Distribu- 
tion in Taiwan. L. J. Lau, On The Uniqueness 
of the Representation of Commodity-Augment- 
ing Technical Change. E. Thorbecke and J. 
Karunasekera, Technological Change and 
Growth Performance in Taiwan Agriculture, 
1946-1975. S. C. Tsiang, Exchange Rate, in- 
terest Rate, and Economic Development. 
References appear at the end of each chapter. 
1980, 368 pp., $42.00 ISBN: 0-12-413350-9 
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BOOKS ON RISK AND INSURANCE 


THE INCIDENCE OF THE LIFE INSURANCE COMPANY 


FEDERAL INCOME TAX 

A. J. STAGLIANO, University of Maryland . 

This monograph reports on an empirical examination of life insurance compény tax- 
shifting behavior. A shifting model was developed and applied to gauge reactions to 
the federal corporation income tax. Results from the econometric analysis suggest 
that continuous short-run shifting of the impact-level burden occurred in this in- 
dustry during the time period of study (1952 to 1974). 


1980 93 pp. Softcover, $12.95 


AN INTRODUCTION TO MATHEMATICAL RISK THEORY 
HANS U. GERBER, University of Michigan 

This book presents the mathematical framework for the analysis of risk businesses. 
After developing the mathematical foundations (random variables, stochastic pro- 
- cesses, martingales), Gerber analyzes the principal applications of risk theory in the 
context of insurance: calculation of the distribution of aggregate claims, premium 
calculation, credibility theory, risk exchange, and ruin theory. 

1980 164 pp. Softcover, $15.95 


PRICING AND INVESTMENT STRATEGIES FOR 


GUARANTEED EQUITY-LINKED LIFE INSURANCE 


MICHAEL J. BRENNAN and EDUARDO S. SCHWARTZ, 
University of British Columbia i 

This book analyzes life insurance policies whose benefits are linked to the perform- 
ance of a portfolio of common stocks but are subject to a minimum guarantez, The 
appropriate charge to be levied for the guarantee is calculated using option pricing 
techniques, and an investment policy for the insurance company is devised which 
eliminates the potential solvency risks posed by the sale of such policies. 

1979 123 pp. Softcover, $12.00 


INVESTMENT ACTIVITIES OF LIFE INSURANCE COMPANIES 
J. DAVID CUMMINS, ed., University of Pennsylvania ` 


This book is a collection of papers originally presented at the Wharton School under 
the auspices of the Huebner Foundation. The papers were prepared at the request of 
the Foundation and, with one exception, are previously unpublished. The authors are 
leading practitioners and academic experts in life insurance investments, and the book 
deals comprehensively with all major aspects of the topic. 

1977 356 pp. Hardcover, $15.00 


Published by: 


THE S.S. HUEBNER FOUNDATION 


Wharton School, University of Pennsylvania 
Send orders to: 


Richard D. Irwin, Inc. 
1818 Ridge Road, Homewood, Ill. 60430 
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SPECIALISTS IN: 


ECONOMICS 
ECONOMETRICS 
CORPORATE PLANNING 
STRATEGIC PLANNING 
MARKETING 
OPERATIONS RESEARCH 


STONEHILL IS AN EXECUTIVE SEARCH FIRM STAFFED WITH 
A TEAM OF PROFESSIONALS, EXPERIENCED IN SEARCH AND 
RECRUITMENT TECHNIQUES. 


WE TAKE PRIDE IN OUR NATIONWIDE REPUTATION FOR 
HIGH STANDARDS OF PROFESSIONALISM IN EXECUTIVE 
RECRUITING. 


OUR CLIENTS ARE “FORTUNE 500” COMPANIES, MAJOR 
CORPORATIONS, FINANCIAL INSTITUTIONS, AND CON- 
SULTING FIRMS. 


CONTACT: MR. GARY J. STEVENS, PRESIDENT 
MS. DEE DROST, V.P. EXECUTIVE SEARCH 


STONEHILL - 
MANAGEMENT CONSULTANTS, INC. 


521 FIFTH AVENUE 
NEW YORK, NEW YORK 10017 


212 490-1776 SUITE 1160 
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TITLES FROM ELSEVIER NORTH-HOLLAND 


MICROECONOMIC THEORY: A Synthesis of Classical 
Theory and the Modern Approach 
William Sher, Duquesne University and Rudolph Pinola, Director of 
Research, Minnesota Dept. of Economic Security 

An exacting treatment of microeconomic theory which combines both the 
classical theory and modern approach in order to bring microeconomics 
closer to the realities of market behavior and economic policy without 
sacrificing theoretical rigor. Emphasis is placed on the role of cost and’ mark- 
up pricing in determining output and pricing decisions. An ideal text for 
advanced-level economics and business courses. ; . 
Jan. 1981 784 pages 0-444-00370-3 $28.95 


DYNAMIC OPTIMIZATION: Calculus of Variations and 
Optimal Control in Economics and Management 
Morton I. Kamien and Nancy L. Schwartz, Northwestern University 

A highly readable and balanced text on the variational methods for 
graduate students in economics and management science. Organizes 
fundamental concepts and applications of optimal control and calculus of 
variations. 
Jan. 1981 368 pages 0-444-00424-6 $24.95 (tent.) 
(Dynamic Economics: Theory and Applications, Vol. 4) 


MATHEMATICAL METHODS IN FINANCE 
AND ECONOMICS 


Sarkis J. Khoury, Notre Dame University and Torrence D, Parsons; 
Pennsylvania State University 

Provides the essential mathematical background and emphasizes the tools 
mosi used in economic theory and finance. Focus in on “how to” methods 
rather than on mathematical proofs. End of chapter problems illuminate the 
topics and introduce new applications. The text offers duality tableaus for 
linear programming, wide use.of numerical examples, and a comprehensive 
treatment of Kuhn-Tucker conditions. A superior text for advanced 
undergraduate and graduate students in economics, finance and business, and 
applied mathematics programs. Also highly valuable as a reference book for 
economists and business people. 
May 1981 288 pages 0-444-00425-4 $24.95 (tent.) 
Solutions Manual 0-444-00576-5 


For a FREE examination copy to 
consider for course adoption, write 
to: SUSAN BEECHER 

Elsevier North Holland, Inc. 

52 Vanderbilt Ave. 

New York, N.Y. 10017 


(Please include name of course, enrollment, ELSEVIER NORTHHOLLAND”™ 











and decision date.) 52 Vanderbilt Avenue 


Prices subject to change without notice. . New York, New York 10017 
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Economics 
Principles and Policy 


WILLIAM 8. BAUMOL 
New York University 
and Princeton University 


ALAN S. BLINDER. 


National Bureau of 
Economic Research 


Here are some reasons 
why: 
“Superb! [This is the] closest thing on 


the market to the ideal principles 


text. We are adopting it” 
—M.E. McMAHON, Southwestern at Memphis 


“This is an excellent book ... that deftly 


integrates economic principles and: 


applications without contrivance anda 
loss of integrity....the book offers an 
excellent treatment of- the crucially 
important topics so widely discussed by 
reasonably educated people in today’s 
society” —PATRICK O'SULLIVAN, State 

University of New York College at Old Westbury 
“An excellent—and intelligent—text...I 
am most impressed with two elements: 
its public-policy orientation (which 
should appeal to students) and its 
explicit avoidance of the encyclo- 
pedic syndrome (which always frus- 


trates instructors ).’ 
—DOUGLAS E. HOUGH, Roosevelt University 
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“.a very well-written book that serves 
extremely well for both conservative and 
liberal instructors. It is a dream book 
for students, as it leads them to grasp 
the central ideas with minimum techno- 
logical complications?’ 
—8.K. KIM, California State University, 
Los Angeles 
“The book] takes a fresh look at some 
of the real problems of society. The 
chapter on the Keynesian-monetarist 
debate is especially crucial” 
— D. LARRY DAVIS, Indiana University, Gary 


862 pages 


Accompanied by a Study Guide and an 
Instructor’s Manual; a Test Bank and 
Transparency Masters are available on 
request to instructors who adopt the 
textbook. 
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HARCOURT BRACE JOVANOVICH, INC. 


New York * San Diego * Chicago * San Francisco ¢ Atlanta 
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World Development Report 1980 
THE WORLD BANK 


World Development Report, 1980, with its Statistical Annex, World Development Indicators, is 
the third in an annual series designed to present to the public a continuing assessment of 
world development issues at the national and international levels. This year’s Report looks at 
two major challenges facing developing countries at the start of the decade. First, they must 
try to continue the economic and social progress of the past thirty years under international 
conditions that look less helpful than a decade or even a year ago. Second, they must struggle 
to relieve the plight of those 800 million people living in absolute poverty who have benefited 
too little from past progress. The Report examines important aspects of the difficultses and the 
prospects in both areas, looking as far ahead as 2000, but paying particular attention to the 
next five to ten years. 


CONTENTS 


1. Introduction 
I. ADJUSTMENT AND GROWTH IN THE 1980's 
2. The outlook for developing countries 
Adjustment and recovery. Factors affecting growth. 
Regional growth in the 1980's. 
3. International problems and policies 
Energy. Trade. Capital flows. 
II. POVERTY AND HUMAN DEVELOPMENT 
4. Poverty, growth and human development 
Dimensions of poverty. Three decades of poverty 
reduction. Poverty and growth. Sources of growth. 
Raising the incomes of the poor. 
5. Human development issues and policies 
Education. Health. Nutrition. Fertility. The seamless web. 
6. Implementing human development programs: some 
practical lessons 
Political support. Easing the financial constraint. Devel- 
oping administrative strengths. Ensuring that services 
are used. International assistance. The importance of 
persistence. 
7. Priorities and progress in regional perspective 
Issues for Planners. Sub-Saharan Africa. South Asia. 
Middle-income regions. Lessons for planning. 
8. Summary and conclusions 
Statistical appendix to Part I 
Bibliographical note 
ANNEX ` WORLD DEVELOPMENT INDICATORS 
Text tables 
Statistical appendix tables 
Figures 
Boxes 
1980 176 pp.; tables, charts cloth $13.50 paper $5.75 
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PUBLIC AND PRIVATE 
INVESTMENTS 

Socioeconomic Analysis 

Henry Malcolm Steiner, The George 
Washington University 

A definitive explanation of the proper way 
to judge capital investments, linking 
project analysis to traditional microecon- 
omic analysis. In establishing the connec- 
tion between engineering economy and 
cost-benefit analysis, Stemer seep an 
extremely useful method for better socio- 
economic decision-making as it relates to 
engineering activities. 

(0 471 01969-0) 1980 

689 pp. $34.95 


MULTINATIONALS UNDER FIRE 
Lessons in the Management of Conflict 
Thomas N. Gladwin & Ingo Walter, 
both of New York University 

A comprehensive theoretical and practical 
analysis of multinational corporate 
conflict, presented in a systematic 
managerial framework. Demonstrating 
that constructive conflict management is 
the key to multinational i bese 
survival and. effectiveness, the authors 
examine such issues as human rights, 
terrorism, environmentalism, tax avoid- 
ance, labor relations, and more. 

(0 471 01969-0) 1980 

689 pp. $32.95 


"Decision- 
Makers’ 
Bookshelf 





SLOWTH 

The Changing Economy and How You 
Can Sceal Cope 

Martin Kupferman Currie, Coopers, and 
Lybrand Ltd. & Maurice D. Levi, The 
University of British Columbia 

A perceptive exploration of the reasons for 
“slowth,” the slow economic growth that 
is gripping our nation. The authors 
challenge many conventional explana- 
tions of “slowth”—inflation, oil prices, 
government inefficiency, showing how 
America’s values are becoming incom- 
patible with rapid growth. This is a 
revealing, unsettling book for all who are 
concemed with the looming struggle of 
living with less. (0 471 08090-X) 
October 1980 250pp. $13.95 


QUEST FOR WORLD MONETARY 
ORDER: 

The Goid-Dollar System and Its Aftermath 
(A 20th Century Fund Study). 

Milton Gilbert 

The essential critique on the state of the 
international monetary system by a world 
renowned authority Gilbert presents an 
analytical history of the international 
ate system from Bretton Woods to 
the late 70s, focusing on the abrogation of 
the dollar’s a into gold. This 
book is must reading from one of inter- 
national economics’ most profound, 
prescient thinkers. (0471 07998-7) 
September 1980 255 pp. $19.95 


Onter through your bookstore or write to: John Storojev, Dept. 7335. Prices subject to change without notice. 092 1-7335 
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Public Libraries 
An Economic View 
Malcolm Getz 
Increased operating costs, new limitations-on available funding, and 
declining circulation have led to a new reevaluation of the public 
library's position in the overall social service hierarchy. Public 
Libraries: An Economic View analyzes: such aspects of library 
operation as labor efficiency, technical innovation, sources of finance, 
and cost-benefit factors, all with an eye to improving the effectiveness 
of modem library management. Alternative public policies on 
libraries are also discussed. $12.50 


Programs in Aid of the Poor for the 1980s 


Fourth Edition 
Sar A, Levitan 

from reviews of previous editions: . 
“A compact though detailed appraisal of U.S. government programs 
undertaken on behalf of the poor....A comfortable and fact-filled 
reference, generous in opinion and descriptive detail.” —American 
Political Science Review l 

Thoroughly revised and updated in its fourth edition, this concise 
overview of the American welfare structure describes three major 
types of antipoverty programs: income maintenance for the non- 
working poor; programs for the employable poor; and the provision 
of goods and services. $11.00 hardcover, $3.95 paperback 


The Poverty of Nations 


The Political Economy of Hunger and Population 
Wiliam W. Murdoch 
The Poverty of Nations addresses the problems of uncontrolled 
population growth, starvation, and rural poverty in underdeveloped 
nations as intimately related concerns, with common roots in the 
institutionalized social and economic inequality of Third World 
societies. William Murdoch’s provocative stance takes to task, and 
ultimately invalidates, previous analyses of the population and food 
dilemma. $22.50 hardcover, $7.50 paperback 


Johns Hopkins 


The Johns Hopkins University Press, Baltimore, Maryland 21218 
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THE WAY THE WORLD WORKS 


by JUDE WANNISKI 


“A broadly gauged economics primer teeming with bright ideas 
and penetrating observations...the book soars. Wanniski has 
achieved an overnight influence of nearly Keynesian propor- 
tions.”"—Natlonal Review 
“Thoroughly researched...one of the most literate offerings 
on this year's list (of ALA Best Business Books of 1978) making it 
thought-provoking and worthwhile reading.” —Library Journal 
Jude Wanniski's THE WAY. THE WORLD WORKS is the clear- 
est and most complete explanation of the neoconservative eco- 
nomic model, which stresses‘ the responsiveness of supply to 
incentives rather than to aggregate demand or quantity of money. 


#0-671-24849-9 $5.95 


A guide to the use of THE WAY THE WORLD WORKS in the college 
course is available free. Copies may be obtained by sending a self- 
addressed envelope to Educational Services, address below. 


THE WORLDLY PHILOSOPHERS 
FIFTH EDITION 
ee Times and Ideas of the Great Economic 


by ROBERT HEILBRONER 


“Itis a brilliant achievement. The author is a gifted writer and he 
handles his men and his subject matter nearly to perfection. He 
is lucid and concise. His judgment as to what is central and his 
ability to summarize it are both excellent.” 
—John Kenneth Galbraith 

A totally revised edition of the most celebrated and popular 
history of the great economists ever written. Robert Heilbroner 
has enriched his classic accounts of the major economic thinkers 
from Adam Smith to Joseph Schumpeter with new insights and 
perspectives. 


#0-671-25596-7 $5.95 


ECONOMICS IN PLAIN ENGLISH 


by LEONARD SILK - 


“In just over 200 pages, most any reader will have a basic 
understanding of national and international economics and of 
how economics functions in government, business and our daily 
lives." —Los Angeles Times 

In his years as economics columnist for the New York Times, 
Leonard Silk has developed the rare ability to explain economic 
concepts and phenomena in lucid and concrete terms. In ECO- 
NOMICS IN PLAIN ENGLISH he introduces the basic principles 
of terminology of micro- and macro-economics, using examples 
that are relevant to the concerns of individuals and businessmen. 
#0-671-25051-5 $3.95 
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Examination copies of paperbacks are available by vice charge (no cash, please; check or money order 
writing to Education & Library Services, address be- only) for each book must accompany the request. For 
low. On university letterhead, indicate the title and a complete catalog of books in your subject area, 
estimated enrollment of the course for which you are send request to same address. 

considering adopting the title requested. A $1.00 ser- : 








The Measure of Quality paperbacks 
SIMON & SCHUSTER -° 1230 AVENUE OF THE AMERICAS « NEW YORK, N.Y. 10020 
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Welfare, Justice, and Freedom 


SCOTT GORDON. In this challenging study, Scott Gordon ana- 
lyzes the plurality of contemporary social values and the conflicts 
among them through a close examination of the concepts of 
“welfare,” “justice,” and “freedom.” As a result of this analysis, it 
becomes clear why democratic societies are prepared to place 
extensive contraints on property rights while seeking to preserve 
and enlarge the right to participate in the political process. 


256 pages, $17.50 
Power and Accountability 


HAROLD M. WILLIAMS AND IRVING S. SHAPIRO. In 
Power and Accountability, Chairman Harold M. Williams of the 
Securities and Exchange Commission and Irving S. Shapiro, a 
leading executive of a major U.S. corporation, explore from 
opposing viewpoints the issue of corporate accountability. This is 
the latest volume in the Benjamin F. Fairless Lectures, sponsored 
by Carnegie-Mellon University. 

64 pages, $8.00 


Small Business in 
American Life 


STUART W. BRUCHEY, EDITOR. The most extensive and 
searching analysis yet conducted on the subject, these seventeen 
essays probe the role oz small business in manufacturing, retail 
trade, and banking from revolutionary America to the 1970s. While 
rigorously examining the basis of our assumptions about the nature 
and benefits of small business; the contributors discuss such 
specific topics as labor relations, finance, the acquisition of skills, 
and effects of technological change. 424 pages, $22.50 


The Economy of 
Colonial America 


EDWIN J. PERKINS. The single best introduction to the subject 
for both the student and the professional scholar, The Economy of 
Colonial America offers authoritative coverage of the following 
subjects: population and economic expansion; the six main occupa- 
tional groups (family farmers, slaves, indentured servants, artisans, 
great planters, and merchants); domestic and imperial taxes; the 
colonial monetary system; living standards of the typical family, 
plus per capita income growth. 224 pages, $17.50 cloth, $6.00 paper 


on 


To order send check or money order to 
Dept. JN at the address below, includ- 
ing $1.30 per order for postage and 
handling. 


Columbia 


University Press 


136 South Broadway, 
Irvington, New York 10533 
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An indispensable tool for: 
Students 


Economists. Teachers 


Researchers Authors 
Reference Librarians 





Index of Economic Articles 


prepared under the auspices of 


The Journal of Economic Literature 


of the 


American Economic Association 


Each volume in the Index lists, both by sub- 
ject and by author, articles in major eco- 
nomic journals and in collective volumes 
published during a specific year. The Index 
volumes also include articles or testimony 
from selected congressional hearings or gov- 
ernment documents published. during the 
year. Many of the features in the Index can- 
not be found in any other single reference 
source. 





Currently available are: 
Volume Year Covered 


XI 1969 











XII 1970 
XIII 1971 
XIV 1972 

XV 1973 
XVI 1974 

XVII 1975 







Future volumes will be published 
regularly to keep the series as cur- 
rent as possible, 





Price: $35.00 per volume (special 30% discount to A.E.A. members) 


Distributed by 


RICHARD D. IRWIN, INC. 


Homewood, Illinois 60430 





Note: Volumes I through X, VI-A, and VII-A, previously published by Irwin, are available at $7.95 per copy. 
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L Robert J. Gordon's | BE: 
Macroeconomics 


Second Edition 
Cloth/ approximately 610 pages/$18.95 tentative/with complimen- 
tary Instructor's Manual and all-new Student Workbook. 





The Second Edition of this best-selling text has been revised and 
updated to provide clear, timely treatment of inflation and unem- 
ployment. The graphs and explanations are simpler — and two 
separate chapters now give demand and supply analyses of infla- 
tion. ISBN-0-316-321257 


NEW FOR INTERNATIONAL ECONOMICS 


UNDERSTANDING INTERNATIONAL ECONOMICS: THEORY AND 
PRACTICE, by J. David Richardson. Cloth/506 pages/$17.95/with compti- 
mentary instructor's Manual. ISBN-0-316-744298 





WORLD TRADE AND PAYMENTS: AN INTRODUCTION, Third Edition, by 
Richard E. Caves and Ronald Jones. Cloth/approximately 592 pages/ 
$17.95 tentative/available February 1981. ISBN-0-316-132268 


INTERNATIONAL TRADE AND FINANCE: READINGS, Second Edition, 
edited by Robert S. Baldwin and J. David Richardson. Paper/approxi- 
mately 512 lA pagesi$ 10; 95 tentative/available April 1981. ISBN-0-316-079219 


PLUS THESE NEW TITLES 


THE U.S. MONETARY SYSTEM: MONEY, BANKING, AND FINANCIAL 
MARKETS, by Daniel Hamberg. Cloth/approximately 500 pages/$16.95 
tentative. ISBN-0-316-340960 





CASE STUDIES IN REGULATION: REVOLUTION AND REFORM, edited 
by Leonard W. Weiss and Michael Klass. Paper/approximately 256 pages/ 
$9.95 tentative. ISBN-0-316-928933 


COLLEGE DIVISION 
LITTLE, BROWN AND COMPANY 


34 Beacon Street, Boston, Massachusetts 02106 
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ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT 
Headquarters: 2, rue Andrée-Pascal, 75775 Paris Cedex 16, France 
— Twenty-four industrialized market-economy countries, 
including nineteen European nations, the U.S.A., Canada, 
Japan, Australia and New Zealand. The organization pub- 
lishes a unique and timely range of comparative interna- 
tional data for businessmen, government officials and the 
academic world. 
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Read about the vital role played by technological innovation in 
the economy and its significance for the future in TECHNICAL 
CHANGE AND ECONOMIC POLICY. “. . . a timely, ecumenical 
view...” — Science. August 1980 117 pp. $12.50 


OTHER IMPORTANT NEW PUBLICATIONS 


MAIN ECONOMIC INDICATORS: HISTORICAL STATISTICS 
1960-79. A 20-year run of data by year, quarter, and month in 
most categories —all in a single volume! Includes latest revisions 
and seasonal adjustments. Base year: 1975. 

Sept. 1980 637 pp. $27.50 


CONSUMER PRICE INDICES: SOURCES AND METHODS AND HISTORICAL STA- 
TISTICS. Shows how Member countries compute their CPI’s and gives historical statistics 
for 1960-79. Also has percent change tables and weighting pattern charts. 

March 1980 123pp. $9.50 


STEEL IN THE 80s. Proceedings of the OECD Symposium held in Paris in February 
1980. Analysis of prospects by government officials and industry and labor leaders from 
Member countries. June 1980 278 pp. $22.50 


ENVIRONMENT POLICIES FOR THE 1980s. Examines the needs and prospects for 
environmental policies, including economic implications. May 1980 110 pp. $9.00 


RESPONSIBILITY OF PARENT COMPANIES FOR THEIR SUBSIDIARIES. A com- 
parative analysis of the legal situation in Member countries. 
June 1980 124pp. $6.50 


For timely forecasts and statistics, subscribe to these periodicals: 





OECD ECONOMIC OUTLOOK. Aperiodic assess- 
ment of economic trends and prospects in the main 
trading nations. Issued in July and December each 
year. Dec. 1980 issue 8.75; 

1981 subscription: $21.50 


OECD ECONOMIC SURVEYS. Annual economic 
reviews of OECD countries. Over twenty separate 
country surveys each year. 

1981 subscription: $77.70 


MAIN ECONOMIC INDICATORS. A monthly 
tabulation of international indicators of economic 
activity. Graphs emphasize important changes in 
key indicators. 1981 subscription: $74.15 


QUARTERLY NATIONAL ACCOUNTS BULLE- 


TIN. Recent information on the main national ac-. 


counts aggregates for USA and 9 other countries. 
Graphs and tables. Available by subscription only. 
ISSN 0304-3738 1981 subscription: $16.80 


FOREIGN TRADE STATISTICS. 
SERIES A. Overall trade by countries. Monthly 
bulletin. 1981 subscription: $61.10 


FINANCIAL MARKET TRENDS. Comprehensive 
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